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FACTORS INFLUENCING THE SANITARY QUALITY OF MILK. 


_ The production of milk of a high sanitary quality involves a 
knowledge of the influence of numerous factors. Whether these fac- 
tors are all grouped under one head and considered as a single unit 
or are grouped into several units, each directly connected with a 
separate phase of the production of sanitary milk, may not at first 
thought be of any importance. 

Consideration of that point, however, must lead to the view that 
to deal intelligently with the factors which influence the sanitary 
quality of milk they must be grouped in such way as to bring to- 
gether those which are of importance in connection with a definite 
phase of production. As an example, the question of abundant light 


1The authors acknowledge their indebtedness to T. E. Woodward, of the Dairy Division ; 
also to W. R. Hale and W. F. Turner, formerly of this division, who made the work 
possible through their supervision of the experimental barn. They also extend their 
thanks to the dairy farmers near Grove City, Pa., and to R. R. Welch, of this division, 
who assisted in making a practical demonstration of the work. 
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may be mentioned. It has long been recognized that an abundance. 


of light is necessary for the production of high-grade milk, but that 

factor must first be placed under a certain group of factors before 

it can be adjudged correctly. Depending upon whether it bears a 

direct relation to the bacterial content of milk or exerts a marked 

influence on the health and comfort of the cattle, it should be erouped 
accordingly. 

In view of these facts, the following group of factors eee been 
selected as a means of dhe the ae 

1. Factors concerned in the production of milk which is practically free from 
visible dirt and which has a low bacterial content. 

2. Factors most directly concerned in the prevention of the infection of milk 
with pathogenic organisms. 

2: Factors of importance in connection with the health of the cattle. 

4, Factors concerned in providing and maintaining conditions suitable for 
the production of a food product, even though they may not directly affect the 
quality of the product. 

It is realized that some factors may enter into more than one of 
the groups above, but their greatest importance can generally be 
assigned to one definite group. For example, the sterilization of 
utensils is of primary importance in the production of milk of low 


bacterial content, but it is also a measure in the prevention of infec- 


tion with sedhgeents organisms. 

This paper considers only the factors in group 1; that is, ee 
concerned in the production of milk practically free from visible 
dirt and of low bacterial content. | 

It is not to be questioned that milk of low bacterial content may be 
produced under conditions in which every possible factor is con- 
trolled, but it is reasonable to suppose that, relatively speaking, some 
factors may be of more importance than others. It may be possible, 
therefore, on the average farm, to produce milk of low bacterial con- 


tent by the combination of a certain few factors which affect the 
quality of milk more than others. Some of the factors have been. 


extensively investigated, and the results of much excellent work per- 


taining to the subject have been published. Such work, however 
g ] I ; y 


has dealt largely with the value of one factor or with the compara- 


tive importance of two or more factors. In our work the problem 


has been studied from a somewhat different angle. 


The endeavor has been to determine methods for the pradenon 
of milk of low bacterial content in the barn of the ordinary type. 
The experimental work was confined to a study of conditions which - 


affect the bacterial content of milk sufficiently to be measured. While 
it is realized that many conditions under which milk is produced 
may affect its quality from a sanitary or economic standpoint, no at- 
tempt was made to study them unless they could be measured in terms 
of the bacterial count. Be ete ane 


nea ie ee 
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OBJECTS OF THE INVESTIGATION. 
The objects of the investigation may be outlined as follows: 


1. To work on only fresh milk at the time of milking, in order to eliminate 
the factor of bacterial grow th. 

2. To obtain conditions as bad as possible in an experimental barn in Gries 
to improve them and also to determine the number of bacteria in fresh, dirty 
milk. 

3. To introduce one factor of improvement at a time, so as eventually to 
obtain milk of low bacterial content. 

4. To return to the dirty conditions and then again produce low-count milk 
by the application of the necessary factors with the object of checking the 
value of the factors previously determined. 

5. To show the relative importance of the selected factors. 

6. To use a combination of the essential factors in a practical manner on 
farms in order to determine their value when used by the average farmer. 

7. To show the growth of bacteria in various grades of milk (graded from 
a bacterial standpoint) when held for different periods of time at various 
temperatures. 


Since the term “ production of milk” is usually considered to 
cover the entire period in which it is in the farmer’s hands, the bac- 
terial content during production, as used in that sense, must be con- 
sidered from two distinct standpoints, first, the bacteria introduced 
through contamination, and second, their growth in the milk. 

In this paper, however, we shall consider the term “ production of 
milk” to cover only the period from the time the milk leaves the 
cow until it is in the delivery cans or bottles, which includes the 
time the milk is subject to the usual sources of contamination. The 
time the milk is held on the farm will be considered as an entirely 
different phase of production, since the bacterial content during that 


period is not usually influenced by contamination, but is subject to 


increase through bacterial growth. 

Particular attention is called to the fact that extreme conditions 
of filth were used merely to emphasize the importance of certain 
factors. No legitimate excuse can be conceived for the production 
of milk from dirty cattle or in a filthy stable. 


DESCRIPTION OF BARN AND METHODS USED IN THE PRODUC- 
TION OF THE MILK. 


For the experiments a small barn was constructed at the Dairy 


_ Division farm at Beltsville, Md., a view of which is shown as figure 1. 


The building provided space for four cows and was of wooden con- 
struction ‘throughout, including floor, gutter, and mangers. The 
walls were left in the rough; that is, with exposed beams, ete. 
The loft above the cows was constructed of narrow boards laid from 
1 to 2 inches apart on crossbeams. From the loft hay was thrown 
down and the cows fed just before milking. The stable had two 
doors and two windows; the latter were small and provided only 2 
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square feet of light for each cow. Five hundred cubic feet of air 


space was provided for each cow. An untrained milker, wearing 


ordinary work clothes and giving no special attention to the cleanli- 
ness of his hands, was employed to milk and take care of the cows. 

During the work the cows were alternated from time to time in 
order to equalize any unusual results due to the individual animal. 
For example, in working with the small-top and open pails two cows 
were milked first into the open pail and a few days later were milked 
into the small-top pail. | 

In all the work the milk was poured unstrained into cans in the 
barn. The small-top pail used in the experiments was the type with 


Fic. 1.—Experimental barn used in this investigation. 


a hood or cover on an ordinary pail, as shown in figure 2. Utensils 
were sterilized by being placed in a sterilizer, steamed for 30 minutes, 
and afterwards allowed to remain there until used. When the uten- 
sils were not sterilized they were merely washed clean and inverted 


in the milk house. Covers were not placed on the cans, and the ~ 


utensils were left in that position until time to milk. 

Sterile utensils in the strict sense of the term means their absolute 
freedom from living organisms. When the statement is made that 
utensils were sterilized it means that they were free from all bacteria 
which are destroyed by flowing steam at 100° C. (212° F.). There 
are, of course, a few spores which are resistant to flowing steam and 


which can be destroyed only by steam of high temperature under 
pressure. 


Oe a a 


—— ee 
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METHOD OF SAMPLING AND MAKING THE BACTERIAL COUNT. 


After milking, the cans of milk were promptly carried from the 
barn to the milk room, a distance of a few hundred feet, situated in 
the same building as the laboratory. -Long-handled white-agate 
dippers, cleaned between milkings and sterilized just before using, 
were used to stir the milk and to take the sample. A separate dipper 
was used for each sample, and the milk was poured carefully into 
sterile pint bottles, which were immediately closed with sterile caps. 
The fact that the 
laboratory was 
in the same build- 
ing made it pos- 
sible to pour the 
plates within one 
hour after milk- 
ing. Thesame 
routine was fol- 
lowed at both 
morning and eve- 
ning milkings, 
regardless of how 
the other factors 
varied. Since 
the interpreta- 
tion of results 
depends partly 


the medium and 
on its subsequent 


incubation it is 
necessary to state Fic. 2.—The small-top pail used in the experiments. 


exactly how the counts were obtained. For the sake of uniformity 
plain-extract agar, prepared according to the revised recommenda- 
tions of the Committee on Standard Methods of Bacterial Milk 
Analysis,t was used. The plates were incubated for five days at 
30° C. (86° F.) and counted with the aid of a hand glass of three 
and one-half diameters magnification. 


THE EXPERIMENTAL WORK. 


In the experiments the plan was to begin with conditions in which 
the barn and cows were as filthy as possible. When those conditions 


1 Rochester meeting of American Public Health Association, September, 1915 (Commit- 
tee on Standard Methods). 
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were obtained it was the intention, by the gradual elimination of 
certain factors which contribute to the contamination of milk, to 
produce milk that was practically free from visible dirt and had a 
low bacterial content. Following that, the next step was to dupli- 
cate the conditions in order to determine again the value of the 
essential factors. To show clearly the scope of the work and the 
conditions under which the milk was produced, the experiments are 
listed.in the order in which they were conducted: 


Experi- 
ment No. Period covered. Conditions. ; 
fee Suily. 22 10. Aueust. 145 191) 2g Cows and floor were dirty and the 


manure was removed weekly. The 
utensils were not sterilized. 

2. September 14 to October 7, 1915_____ Cows and floor were dirty and the 
manure was removed weekly. The 
utensils were sterilized. 

=: November 10°t0. 24.101 2o2 = eee Cows and floor were dirty and the 

manure was removed twice a 
week. Udders and teats of the 
cows were washed and the utensils 
were sterilized. 

4. February 27 to April 10, 1916________ Cows were clean and bedded, fioor 
was clean, and the manure was 
removed daily. Udders and teats 
of the cows were washed; also of 
two others not washed. The uten- 
sils were sterilized. 

Se piiietel 40. May Oo OG es 3 ee Cows and floor were dirty and the 
manure was removed weekly. The 
utensils were sterilized. 

Ge Mayao tO 4, POLGl 2.2. = ea ee se Cows and ‘floor were dirty and the 
manure was removed weekly. The 
utensils were not sterilized. 

i SneRS LO. dos AOI Ge ot ee eee Cows and floor were clean and the 
manure was removed daily. Ud- 
ders and teats of the cows were 
washed and the utensils were 
sterilized. 


Or 


During the dates not covered by the periods above the cows were 
kept in the barn and the relative value of the factors was studied by 
other methods. The general conditions of the barn as previously 
described, method of feeding, etc., were not changed during the 
experiments. The results obtained in the various experiments above 
outlined will be described in their proper order. 


EXPERIMENT NO. 1 (COWS AND FLOOR DIRTY, MANURE REMOVED WEEKLY, 
UTENSILS NOT STERILIZED). 


The first condition of the barn was one of extreme filth. Four cows 
were placed there on January 28, 1915, and the first experiment was 
begun on July 22 of that year. In the intervening period no atten- 
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tion was given to the stable except to remove manure. Dust was 
allowed to accumulate in the barn; consequently at the beginning of 
the first experiment its condition was little if any better than that of 
the average low-grade barn. During the experiment, which extended 
from July 22 to August 14, the manure was removed once a week; as 
a result varying quantities of filth were present on the floor and on 
the cows. A picture of the barn just before the weekly removal of 
the manure is shown in figure 3. It will be noted that the gutter 
was filled with manure and the floor almost entirely covered. 
Figure 4 shows one of the cows at that time. It will be seen that 


Fig. 3.-—Condition of barn during Experiment No. 1. 


the flanks, udder, and teats of the cow were almost entirely covered 
with manure. The general type of milker employed through- 
out the experiments may also be seen in the picture. Under such 
barn conditions and with unsterilized utensils it seemed probable 
that the bacterial ccunts obtained would be as high as those from any 
other dirty barn. It is not intended to intimate that conditions in the 
average barn in this country are as bad as these, but, as stated, for 
the purposes of the experiment it was desired to re the worst pos- 
sible conditions. 

Two cows were milked into open el the other two into small-top 
pails, which were washed clean but not sterilized. The milk was 
then poured into clean, unsterilized cans in the barn, after which it 
was carried to the milk house, where samples were taken immediately 
both night and morning. 
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At each milking a sample was taken from the open pail and one 
from the small-top pail. In this connection it must be understood 
that the sample came from a can, but that the open or small-top pail 
was used in the milking. 

Table 1 shows the bacterial analyses of 32 samples of milk. The 
numbers represent milkings, both in the table and throughout the 
bulletin. It will be seen from the table that the first count of milk 
from the open pail was 14,000 bacteria per cubic centimeter. As the 
manure accumulated on the floor during the first week and the cows 
became more dirty the bacterial content of the milk increased. The 


Fig. 4.—Condition of one of the cows during Experiment No. 1. 


highest count obtained with the open pail was 1,200,000 and with 
the small-top pail 750,000 bacteria per cubic centimeter. Through- 
out the experiment the counts from the open pail were higher than 
the corresponding counts from the small-top pail. The difference is 
represented fairly well by the average count of the 32 samples from 
the open pail, which was 497,653 bacteria per cubic centimeter, as 
compared with 368,214 for the small-top pail. | 

It must be remembered, however, that the actual value of the small- 
top pail can not be determined accurately from these results for the 
reason that the utensils were not sterilized, which brings in an un- 
known factor, since the number of bacteria introduced into the milk 
from the unsterilized utensils is variable. The figures show that the 
use of the small-top pail was of some value, even when none of the 
utensils were sterilized. 


| 
| 
; 


a 
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TABLE 1.—Bacteria per cubic centimeter in dual samples of fresh milk produced 
under conditions. described in Haperiment No. 1. 


——— 


Sample) Open Small- Sample) Open Small- 

Date. No. pail. top pail. Date. No. pail. top pail. 

1915. 1915. 
dlive22 Deals so-so 1 T4SQ00 RE emese se INU Gp le Won se sooase 18 | 600,000 | 600,000 
Maly 23 as anes ee _- DF 170,000" (2 455000¥l| Aug ed: p. msnss es 19 | 650,000 | 550, 000 
Voly2235 ps Mee oss 3 | 125,000 GOR0008|| PATI eG Sips meee es: AQ AOS O00) aoocacsce 
dhuilly, 24. agile ts. = AN 2800007 150 O00R mA es /eralninl saat see 21 |} 300,000} 250,000 
duiliye265 0p, 12 5-5 - 5 | 600,000} 450,000 || Aug. 9,a.m-_..._.._-:- D2 alae ete ae 400, 000 
ABU PAs Cle 00s eS or Gia RAL esse Z0OFOO0D || Ate FON. dle erro oe 23 | 550,000 | 500,000 
dulys2/75)s Ms. We 2A0F O00) 1 30F000N | Ania tal O Mae make = ts DA lisse msepeeee 500, 000 
ianlye 28 amos e652 8 | 350,000 | 160,000 || Aug. 10, p.m-....-._.- 25 | 350,000 | 450,000 
Siliye2 Sepsis a ee 9 | 390,000 | 175,000 || Aug. 11,a.m..._.....- 26 | 400,000} 300,000 
dualiye29. arias sas6 22 °10} 320,000} 200,000 |} Aug. 11, p.m-...-..-... 27 | 900,000 | 450,000 
Duly 29 spe oS ae aes 11 | 500,000} 340,000 || Aug. 12,a.m...-...... 28 |1,200,000 | 500,000 
uly.30s acres 5 scr 12s 900X000) |e 75050007|| Anes 12ers =e 29 | 800,000} 400,000 
duilyed) -Aa Ma S25: 22. DBR etree = Oster SoORO00 7 PAIS 3 Vases yey als 30 | 600,000 | 450,000 
AgareS) a anes ee Ti | ese eee 750,000+|) Aug: 12; po m2. 2225. 31 | 450,000} 300,000 
aug. SADA Deere 8 15): 5503000) | Sasa 2 ess PAU CAR api eeeta rs ey 32 | 700,000 | 500,000 

WS. 45 A. Me Pe ee UG eee a Sere s 400, 000 - | 

ANTES 08 100 one aee oe I OOO; O0 ye secscnce INOUE Ses deoalleddouaes 497,653 | 368,214 


Perhaps the most interesting point brought out by the results was 
the relatively low bacterial count obtained in all samples. It is rea- 
sonable to suppose that milk produced under such extremely filthy 
conditions would contain millions of bacteria per cubic centimeter. 
The figures indicate very clearly, however, that large numbers of 
bacteria are not commonly found in fresh milk.. Even when ex- 
tremely high counts are obtained, they are probably attributable to 
some other factor, such as growth or subsequent infection during the 
various stages of handling. Throughout the experiments the milk 
was examined before cooling, as it was the intention to avoid the 
variable factor of contamination from unsterilized coolers. 


EXPERIMENT NO. 2 (COWS AND FLOOR DIRTY, MANURE REMOVED WEEKLY, 
j UTENSILS STERILIZED). 


Having determined the number of bacteria in fresh milk produced 
under extreme conditions of filth, where unsterilized utensils were 
used, the next step was to use one factor which was considered of 
utmost importance in preventing contamination, namely, sterilized 
utensils. Samples of milk were taken from September 14 to October 
7, 1915, under conditions as nearly identical as possible with those 
of the previous experiment, with the exception that the cans and 
pails were sterilized. 

By the use of sterilized utensils a remarkable decrease in the bac- 
terial content of the milk was found. From the results of 36 sam- 
ples shown in ‘Table 2 it will be seen that the average count of milk 
from open pails was 22,677 bacteria per cubic centimeter, compared 
with 17,027 from small-top pails. Comparison with the results shown 
in Table 1 is convincing proof of the value of sterilized utensils. It 
should be remembered that the figures represent samples taken under 
filthy conditions and that the only factor contributing to the differ- 
ence in the bacterial count was the use of sterilized utensils: 

The range in the bacterial content of samples taken from the open 
pail during the experiment was from 2,500 to 80,000, and in the sam- 

18989°—18—Bull, 642——2 
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ples from the small-top pail from 2,100 to 60,000 per cubic centi- 


meter. 


account of the dirty condition of cows and barn floor. 


It is quite remarkable that the counts were not higher on 


TABLE 2.—Bacteria per cubic centimeter in dual samples of fresh milk produced 
under conditions described in Hxperiment No. 2. 


Sample} Open Small- Sample| Open 
Date No. pail. top pail. Date. Nae pail, 
1915 1915 
Sept: 14, 'asmes2). 222: 1 20, 000 9) 000||"Sept. 25; ps mss --25- 20 5, 000 
Septalovasmes ess: 2 40, 000 205 000))|| Sept. 2/,aa Mase =e 21 55, 000 
Sept. 15, psmel!. 2.2! 3| 25,000] 11,000 || Sept. 27, p.m......... 22} 12,000 
Se DUG) aurea es pee 4 13, 000 16Z000 |i Sept 28) a= mae = aoe 23 36, 000 
HEP tsG; ip awisers oe 5 10, 000 3,500" || Sept) 28: ip. ma=-- 222 - 24 4,100 
Septsi7, avmsse: sie 6.|.. ‘12:600:|) 235000 || Sept: 29,ampee i 25 | 25,000 
SeDpish7, Pelee a ee 7 5, 600 2,400 || Sept. 30,'a. m-..--...-- 26 14,000 
Septe18) as nase se 8 10, 500 A5: 000) || Sept 30) pate aoe 27 9, 000 
Septa20 aati ses 9 75, 000 3550008)| -Octs 1a ama 28 11,000 
Sept: 20; piams25. 2: 10 4,500 3:200) || Oct: pemiee senna 29 | 65,000 
Sept. 21, a. m_....22:- Wfs|, 32,000" |" 1 24000ul | kOcts > asain 30 | 80,000 
Sepiazls pee ee 12 5, 600 25500) OCta4aasgtt eee eens 31 40.000 
Sept. 225 asin ee 13 7,500 358007|| (OCty 5 aaa eee 32 18, 000 
Septs 225s Wee 14 14, 500 22600) || OCi 5 spats eee 33 15, 000 
Sept.23,,2. 1022522 © 15 1) 16,000 | 19,.500)|| Octi6, a: ame he eeaee: 34 | 60,000 
Sépt: 23spaie 16 2,500 F300 ik Oet. bsp tiles een eeee 35 | 25,000 
Sept. 24a5m sos 522 17 18, 000 TAR O0O)| |ROCH ace ane ae 36 8, 500 
Sepia2 4p sm 18 5, 600 2,100 — 
HOpts 20,2. Mao 32s 19 16,500 7, 200 Averages:>< 5223) .35f558 22,677 
PITT LAL LP2EDP OLA CO CL AVI DIET LSP 
SRS 
PRSF RR Ss Ss S83 sss 
DYALE ‘ 8 SEAS 8 N 
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Experiment No. 2. 


Small- 
top pail. 


5.—Bacterial content of milk from sterilized open and small-top pails during 
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From the results it is possible to determine something of the value 
of the small-top as compared with that of the open pail. The average 
of the bacterial counts of milk from the small-top pail as given in 
Table 2 was about 5,500 bacteria per cubic centimeter lower than that 
of milk from the corresponding open pail. The true value of the 
small-top pail, however, is more definitely shown in figure 5, in which 
the bacterial count of each sample of milk is shown and plotted in 
columns. The comparative heights indicate the difference in the 
number of bacteria per cubic centimeter in milk from open and small- 
_top pails at the same milking. In 29 of the 36 samples the bacterial 
count of milk from the open pail was higher than that from the small- 
top. The results confirm the conclusions of previous investigators 
as to the value of the small-top pail. 


EXPERIMENT NO. 3. (COWS AND FLOOR DIRTY, MANURE REMOVED TWICE A 
WEEK, UDDERS AND TEATS OF THE COWS WASHED, UTENSILS STERILIZED). 


In Experiment No. 2 the use of sterilized utensils, as has been 
shown, resulted in a remarkable lowering of the bacterial count. In 
Experiment No. 3, where sterilized utensils were used, a second factor 
was introduced, which consisted in washing the udders and teats of 
the cows. 

The condition of the barn, as shown in figure 6, was the same as in 
the previous experiments except that the manure was removed twice 


Fig, 6,—Condition of barn during Experiment No. 3. 
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a week. It will be noticed that the walls and ceiling were extremely 
dirty. Hay protruded through the open ceiling, and the gutter was 
completely filled with manure which was scattered over the floor 
toward the stanchions. 

The condition of the cows is well illustrated by figure 7. Their 
flanks were caked with manure, but the visible dirt was removed from 
the udders, which were washed before each milking. After having 
been thoroughly washed with clean water and a cloth they were wiped 
with another clean, damp cloth rinsed in clean water. The flanks of 
the cows, which were liable to be rubbed by the milker’s arm, also 
were kept clean. : : 

During the period from November 10 to 24, 1915, 18 samples of 
milk were examined from the open and 23 samples from the small-top 
pail. The results in Table 3 show that the average number of bac- 
teria in milk from the open pail was 6,166 bacteria per cubic centi- 
meter, compared with 2,886 from the small-top pail. 

In the experiment 12 samples of milk were drawn directly from 
the udder into sterile tubes at about the middle of the milking. The 


average count of the milk from the four cows was 987 bacteria per 


cubic centimeter. The difference between that average and the aver- 
age in the milk from the open pail is 5,179, which represents the 
number of bacteria per cubic centimeter introduced through external 
contamination. ‘The average number of bacteria per cubic centimeter 
of 23 samples from the small-top pail was 2,886; subtracting 987 from 
the count, the remainder, 1,889 bacteria per cubic centimeter, repre- 
sents the number added through external contamination. 


TABLE 3.—Bacteria per cubic centimeter in dual samples of fresh milk produced 
under conditions described in Experiment No. 3. 


| i 
|Sample| Open Small- | Sample) Open Small- 

Date. | No. pail. top pail. | Date. No. pail. | top pail 
1915 1915 

Nov.0; pps 1 3,500 2,400 | Noy 19° p. miS-- 2. 16) [esos 4,500 

Nove tian 2| 38,000] 3,100 || Nov. 20,a.m........- 17|  3,600| 4,300 

Nov. ll, p. M........- 3 1, 700 2,400 |] Nov. 20, p. m-....-.-- 15 [eee 1, 900 

Noyei2.a. mee 4 2,100 45300 || Nova22 armas anes 19 5, 600 2,600 

Noy. 12-1 5 | 11,200 1,500 || Nov. 22, p. m......... BS). ienereaee 5, 000 

Noy. d3)a2: nie eS 6 4,300 1: S00 NOVA 23 9a. In ae see 21 8,500 4,10) 

Noy. 43, ). m=: 7 2,800 1,000 || Nov. 23, p. m........- 22 | ae 2,709 

Novei5> pom es 8 5, 100 2,900 |} Nov. 24,a. m....._-.: 23 2, 800 4, (09 

Woys16,/a: m2 "c.052.- 9 2,600 2,700 | 

Noy-46spiemce— AO eee 1.200 Average of milk 

Noy. 17am 11 3, 200 2,700 Samples! 2-2 |pssseee= 6, 166 2, 886 

Novisl(, pe mls eee 12 i, 700 2,800 | Average of 12 

Novis asa 13 4,600 2,100 | udder samples.|.-....-- 987 987 

Nove 184pimee eee 14 3, 590 2,000 a SSS SS 

Noyes 19panm a5. 15 6, 200 3, 800 Difference: : = - 2 4aaseso-- 5,179 1,809 


The results show that when the udders were washed clean and the 
small-top, sterilized pail is used it is possible to produce milk of a 
bacterial count closely corresponding to the number found in milk 
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drawn directly from the udder. In all cases in which the bacteria 
in milk as it left the udder were counted the figures were low, be- 
cause the results represented milk drawn in the middle of milking. 
It is, of course, well known that the “ foremilk” contains more bac- 
teria per cubic centimeter than the “middle milk.” The difference 
between the bacterial count of the “ regular milk” and of milk drawn 
directly from the udder (“middle milk”) is designated as external 
‘contamination. As the foremilk is included in the regular milk this 
difference is probably greater than it should be. 

The figures show also the value of the small-top pail. The 
difference, however, is not fairly represented by the average, for 
the reason that two samples of milk from the open pail were much 
higher than the others, which raised the average. 

The most striking fact brought out by the experiment is that milk 
of a low bacterial count can be obtained, even under filthy condi- 
tions, if careful attention is given to three simple factors, namely, 
sterilized utensils, small-top pails, and clean udders and teats. 

Attention is called to the fact that the experiment was conducted 
under filthy conditions in order to emphasize the value of the three 
factors mentioned. Common decency alone should not permit the 
production of milk under such conditions, 


Fig. 7.—Condition of one of the cows during Experiment No. 3. 


14 BULLETIN 642, U. §. DEPARTMENT OF AGRICULTURE. 


EXPERIMENT NO. 4 (COWS CLEANED AND BEDDED, FLOOR CLEAN, MANURE RE- 
MOVED DAILY, UDDERS AND TEATS OF TWO COWS WASHED AND OF TWO! 
OTHERS NOT WASHED, UTENSILS STERILIZED). 

The results obtained in previous experiments show that it was pos- 
sible to obtain milk of a low bacterial count from dirty cows in a 
dirty stable. Under such conditions it is absolutely necessary to keep 
the udders and teats of the cows clean, but when the barn floor is 


covered with manure it is very difficult to do so. To attempt to 


produce low-count milk under conditions previously described would 
certainly show poor judgment on the part of the dairyman. It 
would be unreasonable, therefore, to attempt to keep the udder and 
teats of the cow absolutely clean when the animal is lying in manure 
a part of the day. The reasonable way to lessen the work of keep- 
ing the cows clean is to remove the manure at least once a day and 
to keep the floor clean. To keep the cows clean is a matter of 
economy as well as of common decency. 

- As may be noted in figure 8, the conditions of the walls and ceiling 
of the barn were the same as in previous experiments. Straw was 
used for bedding and the floors and gutter were practically free from 
manure. A picture of one of the cows also is shown in figure 9. The 


cows during this experiment were cleaned daily with currycomb and 


brush, and very little effort was required to keep them free from 
visible dirt. ; 


Fic. 8.—Condition of barn during Experiment No. 4. 
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Fig. 9.—Condition of one of the cows during Experiment No. 4. 


During the experiment, which was continued from February 28 to 
April 10, 1916, the udders and teats of two cows were washed just 
before milking and the other two were not washed. When the udders 


were washed clean water and a cloth were used, and they were then 


wiped with another clean cloth rinsed in clean water. Small-top 
pails were used throughout the experiment, and the utensils were 


- sterilized. 


The results of the bacteriological examination of the milk pro- 
duced under these conditions are given in Table 4. The average 
bacterial count of milk when the udders and teats were washed was 
2,154 per cubic centimeter, and 4,524 when they were not washed. 
The average counts show relatively little difference from a bac- | 
teriological standpoint so far as the quality of the milk is concerned. 
An examination of the table, however, shows that there is more uni- 
formity of counts when the udder was washed than when unwashed. 
The samples from the washed udders ranged from 620 to 5,400, 
while those from the unwashed udders ranged from 1,090 to 20,000 
bacteria per cubic centimeter. The results indicate that under the 


_ conditions it is possible to produce milk with a very low bacterial 


count without washing the udders. If it is desired, however, to 
produce milk of a uniformly low count when fresh, it is advisable 
to wash the udders. | 


° 
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TABLE 4.—Bacteria per cubic centimeter in dual samples of fresh milk produced 
under conditions as described in Experiment No. 4. 


Udder and teats. Udder and teats. 
Date. Pauple “in Date. : able 
: ) Not 
Washed. Seat : Washed. acer 
1916. 1916. 

Keb. 28; p.mes. 2 ----- 1 1,600 SOO Mar 23 5up sete eee 37 810 2,660 
eb. 29a mies ee oe 2 3,700 SECOOE |W Mici< 24 tay. Tite are 38 1,320 4,800 
INd|oN, HAY, 10, UN Seeaeoeec 3 5, 400 3,600 |) Mar. 24, p.m...-...... 39 1,360 2,970 
Mar siaeamele se er 4 2, 200 6,500 ||. Mar. 25,a.m.......... 40 2,410 4,010 
Mar vl ipeimeeeeee scan. 5 4, €00 6,300 || Mar. 26, p. m.........- 41 1,350 4,200 
Wiles A Gls We oS oaSsonos 6 3,300 CE CRUU NY Wilkens As Bin Wis. Roe eo 42 2,740 4,750 
Mara 2 spamrcnse ere U 1,130 2,250 || Mar. 27, p.m__..-..--- 43 1,530 6,700 
IMari3. ceitnee eee nere 8 2,270 5,300 || Mar. 28, p. m.-.:...-.- 44 2,900 3, 600 
Marios) less sereee 9 1,900 3; 100) ||| Mar: 29 a. me 222222. -- 45 2,300 3, 200 
IMiaia4 Wels ae seer 10 2,700 6,600 || Mar.29, p.m.......-.. 46 2,600 5,100 
WIGHES DS Wot s sansa sse 11 980 1, 520)||) Mar-30,°a- m2 =e 47 3,900 3,500 
Marsosanmitsss es -ce- 2 3, 900 13,300 || Mar.30, p. m....--.-.- 48 1,800 3,300 
iWleye, O5 Os coscasaces 13 2,500 51005) Mans3t a. mse. 2- os. 49 4,200 6,900 
Marsal) tastes cee 14 1, 400 20,400 |} Mar. 31, p.m.....:...- 50 1,5C0 4,100 
Manel 0 Sp emsae seer i 1,370 UE AGO: iI HMjoves tl Bieta ccascdes 51 4,700 3,400 
Wiley Ih, Gio eee Sooee 16 1,150 75 od) |) BUDE, Cho We occodoseA 52 1,6C0 7,400 
Wieye WTS We sadsooeee 17 830 T0505) Ayprigs; ps We seee eee 53 2,300 4,100 
WMbhts SY Bho We Socegesn is 1,480 Za PAMY) || eX[ote 44 hos Saas ssacc 54 3, 400 4,700 
Wires NBy Tis sosooesac 19 620 UE WAY Hi eae Zh 10s Woe ocooes 55 1,400 5,500 
Mar 14am 2 eto ce 20 3,600 SFOs || As Ya20 och an lee ata 56 2520 5,300 
Mare 1a ap eile seee en 21 910 EDO Ny es Dea), Wo ltlecesssscce 57 1,900 2, 200 
Wigye. IAs Wl eooneneuc 22 1,920 2,350 || Apr.6, a.m-.--.-.: Sas 58 2,9C0 7,300 
Maieal5 ip steerer ese 23 820 PANO: Ih joes Oy Os WML esos. sa cnc 59 800 5, 200 
Whe. 1G). Bis Wel ok os cases 24 2,550 EF O0) II INfO2o Gp Bho TMS ces ccesne 60 1, 4C0 3, 300 
Mar.16, p. m..- 25 1,140 TOS) |i) ANOieS Zo 16 Walg cocde cour 61 2,700 1,500 
Wiehe. We Blaise sososcce 26 2,190 AAO), || oes Oo lle sees Seece 62 3, 4C0 9, 400 
Mar Silene eer see 27 1,970 2,680 |; Apr.9,p. m.... 63 3, 200 2,300 
Maris, asm se-s2 28 1,360 204071 Apr lOmatme se eae eee 64 2,10 3, 900 
Ile yes II) 0s 10h coo oousae 29 1,520 TE GHG) ji) Hopes NO) Ds ol scoeesescs 65 2, 400 7, 200 
Wee) 0), Gis 105 see oon se 30 820 3,070 —— 
Mars20 spn amassee a neo 31 680 2,390 Average of milk 
Wikies WL, Bh 15s cadences 32 2,190 3,410 Seymniyol CS aera ee eee 2,154 4,524 
Mat 2 eps We see-se trys 33 1,660 3, 240 Average of ud- 
IM[Ghe IE As WN so saooose 34 2,070 6, 620 der samples. --|.-.....- 739 757 
Mar a22. edn eae. nee cc 35 1,140 2,480 SS 
Mar NOS cc mitssss aaa _ 36 2, 290 3,110 Differences: yeaa |= == aaa 1,415 3, 767 


The interpretation of the average counts obtained from washed 
and unwashed udders must receive special attention. The counts 
as they stand show 2,154 bacteria per cubic centimeter from cows 
with washed udders and 4,524 bacteria from those with unwashed 
udders. It can be said that washing the udder reduced the bacterial 
counts about 50 per cent, which agrees in a general way with the 
results obtained by Stocking. This assertion should not be made, 
however, without taking into consideration the actual bacterial con- 
tent of the milk. When the number of bacteria is small a 50 per cent 
reduction indicates practically no difference in the quality of the milk, 
as, for example, a count of 2,000 per cubic centimeter compared with 
1,000. If, however, the counts were as high as 1,000,000 and 500,000, 
respectively, in the two samples, the factor causing the difference 
would still produce a 50 per cent reduction, but there would be a much 
ereater difference in the quality of the milk with the higher counts. 

The bacterial counts of the 65 samples in this experiment have 
been plotted and are shown in figure 10, which brings out in a 
striking manner the fact that milk from the washed. udders has 


1See list of references at end of bulletin. 
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Fic. 10.—Bffect of Satins the udder and teats on the bacterial content of milk. 
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almost always a lower count than that from the unwashed udders. - 


The results again lead to the conclusion, as in Experiment No. 3, that 
three simple factors are necessary for the production of milk practi- 
cally free from visible dirt and with a low bacterial content when 
drawn, namely, sterilized utensils, clean cows (especially the udder 
and teats), and the small-top pail. 

During Experiment No. 4 the udders of two cows were washed and 
two left unwashed, and frequently the practice was reversed. The 
change was made in order to eliminate the bacterial variation due 


to a difference in number of bacteria in the milk from the udder 


of each cow. 

Occasionally the bacterial content of the middle milk drawn di- 
rectly from the cow was determined, as in Experiment No. 3. The 
average bacterial content of such milk drawn directly from the un- 
washed udders was 757 per cubic centimeter, and from the washed 
udders 739. Subtracting these numbers from the averages shown 
in Table 4, there remain differences of 3,767 bacteria per cubic 
centimeter in the case of the unwashed udders and 1,415 in the case 
of the washed udders, which represent the external contamination. 
However, as already pointed out in connection with the previous 
experiment, there is probably less external contamination than the 
figures show. 

The small additions of bacteria in milk from both washed and 
unwashed udders must be kept in mind, as they represent the total 
external contamination caused by factors formerly regarded as 
important but which have not been considered in these experiments 
in the production of low-count milk, which also was relatively free 
from visible sediment. 

In order to show further that the fresh milk produced under such 
conditions was of high quality from a bacteriological standpoint 
and compared closely with the middle milk as drawn from the 
udder, the bacterial groups in a number of samples were determined 
by what is designated as the milk-tube method. This consisted of 
picking off each colony on a plate and inoculating into litmus-milk 
tubes. Tubes were incubated for 14 days at 30° C. (86° F.), and the 
bacteria from the plate were then divided into groups according to 
the reactions produced. By that method it was possible to divide 
the bacteria developing on a plate into 6 groups, namely, the acid- 
forming, coagulating-acid forming, the inert (which produce no 
change in milk), the alkali-forming, the peptonizing, and the acid- 
coagulating peptonizing groups. A number of samples of milk were 
studied by that method, and as often as possible samples were taken 
directly from the udder at the same milking. The results of the 
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work, showing the per cent of the various groups found in the regu- 
lar milk and the corresponding samples of middle milk directly from 
the udder, are shown in Table 5. It is interesting to note that the 
average per cent of the bacterial groups in the milk checks very 
closely with the average of those in the milk taken directly from the 
udder. Taking the bacterial groups and counts into consideration, 
it seems evident that milk produced under the conditions of the 
experiment was of a high quality from a bacteriological standpoint 
and was very similar to that taken directly from the udder of the 
cow. The results of the experiment agree closely with those ob- 
tained by North (2), who found it possible to produce low-count 
milk by the use of small-top, sterilized pails in an old barn. 


TABLE 5.—A comparison of the bacterial groups found in clean milk of low 
bacterial count and in milk directly from the udder. 


BACTERIAL GROUPS IN MILK SAMPLES, 


ee Acid 
Cl & coagu- 
Date. Sample) coagu- | Acid. | Inert. | Alkali. ae lating 
lating. 8: (pepton- 
izing). 
1916 Per cent. | Per cent.| Per cent.| Per cent.| Per cent. | Per cent. 
TLS) OL PAD) a sues ch a ae 9 44,45 12. 96 25. 92 0 0 16. 67 
TENE) GTO a ae oh Te ig or ie 10 0 57.14 37.14 0 De 02, 0 
ABP Tht Se ee YS ts I ae 11 47.62 4.76 14. 29 0 0 33.33 
TIS Ts ea as ee sha ope ee 12 0 17.56 75. 68 0 6.76 0 
NUE WARS Se Be ace ete ee ee 19 69. 40 10. 39 14.75 0 0 5.46 
NARS WY Se eS A Se ee eee a 66 63. 06 5.09 17.19 . 64 11.48 2.54 
TA PP es a Oa Ia alee PO 91 | 7.00 85. 00 3.00 2.00 3.00 0 
BVT Tae We eter ee meprnie has ae ee ot ee 92 75.30 10. 24 11.44 3.02 0 0 
INTRONS SA als Sot Oe a eee 38. 36 25.39 24. 93 . 64 Bao STR D5 
BACTERIAL GROUPS IN MILK DIRECTLY FROM THE UDDER. 
hea Acid 
Cl coagu- 
Date. cow coagu- | Acid. Inert. | Alkali. pe vtOn lating 
lating. m8- | (pepton- 
izing). 
1916 Per cent. | Per cent.| Per cent.| Per cent.| Per cent. | Per cent. 
TOO PS) oe ccs ee ae one een a ae 2 19. 00 39. 00 36. 00 1.00 5.00 0 
LS] Os SAO) seine ie eS a ee ee ea 23 0 97.81 0 0 2.19 0 
ACD EEL ee er eels ce se os 26 82. 86 8.57 8.57 0 0 0 
VETS Oe aie ie yan, RU og Re 2 28. 04 64. 02 BP 0 4.67 0 
JT es Oa ale 0 a eg a arg 23 5.11 87. 66 3. 83 0 0 3.40 
VT OR etapa we eee ie ease ot 26 85. 71 14.29 0 0 0 0 
igre, NGCSs Sacek Sees Se eee 2 68. 34 12.08 5.00 0 0 14.58 
MoT SGh etre ete ice ss So re ee 2 23 2.94 88. 82 1.18 0 0 7.06 
Micrel Gee eee Se eo SS 26 77.09 0 2.08 0 2.08 18. 75 
IM EGR OE, os ie oe 23 5.78 72. 83 14. 46 1.73 ils 783 3.47 
ITB, Soe ses a rs eo eee ee age 26 64. 58 16. 67 16. 67 0 2.08 0 
INVER OS cin ob SOG SRE ORES So AcIGOE EE Sar 39. 95 45.61 8. 28 25 1.61 4.29 
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EXPERIMENT NO. 5. (COWS AND FLOOR DIRTY, MANURE REMOVED WEEKLY, 
UTENSILS STERILIZED.) 


This experiment was conducted under the same conditions as Ex- 
periment No. 2. Having determined the essential factors necessary 
for the production of fresh milk of low bacterial content, it was 
considered advisable to reproduce the original conditions in order to 
check the three factors again. Consequently, in the experiment the 
cows were allowed to get dirty and the manure was removed only 
once a week, but the other conditions of the barn were not changed. 
The object was to determine the factor of dirty cows; therefore, the 
utensils were sterilized in order not to add another factor. The con- 
dition of the barn and of the cows is illustrated in figures 11 and 12, 
respectively. Particular attention is directed to the extremely large 
quantity of filth on the floor of the barn. 

During the experiment, which continued from April 11 to May 6, 
1916, 41 samples of milk were examined from both small-top and 
open pails. The average count of samples from the former was 
24.439, and from the latter 86,212 bacteria per cubic centimeter, as 
shown in Table 6. 


Fic. 11.—Condition of barn during Experiment No, 5. 
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Fig. 12.—Condition of one of the cows during Experiment No. 5. 


TABLE 6.—Bacteria per cubic centimeter in dual samples of fresh milk produced 
under conditions described in Experiment No. 9. 


Sample} Open | Small-top Sample] Open |Small-top 
Date. No. |. pail. pail. Date. No. | pail. | pail. 
1916. 1916. 

Jel Ores UA ia 0a ee ar gee tO<G00 AS SOO) Atpr. 265.a. mas ae. 22 5. 23 |. 19,600 7,500 
J\Ov esol LI LS Os 0 eee ge 2 4, 500 AP SO00mi Ar 26.)P. WSs esas c- 24 5, 600 3, 500 
ere 12 jacana bes. 3| 8,100 5600 || Apr. 27, a. m._-.... IS 25 | 69,000 7, 200 
rent. pam oue nt. 4| 2,406 De500: il Aor 27s masee t 261 9,400 1,900 
MiaretSsae mises Se 2 5 | 13,900 109800) ||| Apres 28),6. mos) 27 | 66,000 17, 700 
GOES TRY pacts ea 6 6, 400 6,100 || Apr. 28, p. m.........- 28 | 10,800 1,900 
Parra lAveseni soe gs ie 7 | 165, 000 Ae CUO IN| ore, HEL Sanit os genie 29 | 53,000 31, 000 
AGE, NAS usta aioe 8 | 360,000 | 105,000 || Apr. 29, p. m.......... 30 | 29,000 3,500 
April 5 aa eet ec. 9 | 240, 000 29,800! ||| Maya pels. 6.2122. 31] 15,900 7, 300 
o/s\TOT G75 21 ae ee 10 | 83,000 1456005) May, 2sasmien 22202. 32 8, 900 6, 100° 
re bps tmics eee aS 11 | 112,000 21300 I May 2. p. m6 82.2921) 33 | 8,100 2, 80C 
RormSyatae © Vs) 2: 12 | 65,000 195700) ||) May 3,14. mien 34 | 16,100 10, 200 
Je OF Rehng 05 10 0 ie ee 13 | 58,000 1SS200R Mayas pe Ml= sa. 26 se 35 3, 500 13, 100 
INOS TORE asp geen ea 14 | 121,000 78-000 || May 4,8. m-:2......... 36| 4,100 8, 400 
\deNfOnre HIS op aaa Se Meee 15 | 144,000 2ASTOO: ||| May. 4: josemes 2 02.222. 37 2,600] - 3,100 
Npre20! asm 8. 16 | 276,000 | 122,000 || May 5,a.m...........| 38 | 65, 000 23, 000 
JAGR OAS AO tT ee es 17 | 112,000 72,000.|| May 5, p.m...........| 39 | 11,500 6, 600 
peotaaem eo5 2 2 18 | 163, 000 79,000 || May 6,a.m........... 40 | 61,000] - 10,900 
Apr 24varimd. Sov. 2. 19 | 940, 000 16650004) Maye6) ps mie 2 ee) 41 | 11,400 3, 700 
JUTE DEO a0 eee eee 20 | 158, 000 - 9,600 So 
TSG Oa) gt 00 Uy an ae 21} 16,500 3, 200 IAWVENAR Oh eo ae all eeieie st 86, 212 24, 439 
LATODS OD, | Ose a eee 22 4,800 2,100 


If the average bacterial counts in the experiment are compared 
with those in Table 2, a similar experiment, it will be seen that the 
average count from the small-top pail was 24,489 in one series 
and 17,027 in the other. The open pail showed a greater variation, 
being 86,212 in one case and 22,677 in the other. In the last series 
with the open pail (Table 6) there are a few high counts which 


99 BULLETIN 642, U. §. DEPARTMENT OF AGRICULTURE. 


raise the average greatly. The figures are of interest because with 
similar barn conditions, dirty cows, and the manure removed 
weekly, practically the same average number of bacteria were intro- 
duced at periods of time which were about six months apart. The 
results again show that the number of bacteria introduced through 
manure was not so large as had been expected. 

An examination of Table 6 shows the value of the small-top pail, 
which is most strikingly shown in graphic form in figure 13. 
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Fic. 13.—Bacterial content of milk from sterilized small-top and open pails during 
Experiment No, 5. 


EXPERIMENT NO. 6. (COWS AND FLOORS DIRTY, MANURE REMOVED WEEKLY, 
UTENSILS NOT STERILIZED.) 


The conditions of this experiment were similar to those of Ex- 
periment No. 1. Table 7, covering the period from May 8 to 31, 
1916, shows the average count of 36 samples of milk from the 
small-top pail to be 114,497, compared with 153,905 bacteria per 
cubic centimeter for the open pail. A comparison of the averages 
with those in Experiment No. 1, results of which are given in Table 
1, shows that the counts in the latter experiment were considerably 
higher, which may. be explained by the variable bacterial content 
of unsterilized utensils. 


* 
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TABLE 7.—Bacteria per cubic centimeter in dual samples of fresh milk pro= 
duced under conditions described in Hxperiment No. 6. 


Sample} Open | Small-top ; Sample} Open | Smail-top 
Date. No. pail. pail. Date. No. pail. pail. 
1916. 1916. 

May 8, a. M22... ..2: 1 | 149, 000 55, 000) Maye 22 ps mi. 25.22. 20 | 168,000] 125,000 
May-Gop) mis. 21 53,000 1222008 ll Miay323 are sansa 21 | 202,000] 230,000 
May ad0; a. mic. 22.2. 3 | 22,500 18;100)||; May.23: poms...) 22 | 279,000} 201, 000 
Ney ipatn sean 2. 4| 39,000 19,500 || May 24,a.m.......... 23 | 332,000] 265,000 
WES a 00 eae 5 6, 800 12° 400"||) May 24° po mo) 2.22: 24 | 227,000 148, 000 
Mey Ios pemece er. 6 | 36,300 6:100'|| May 25. a.m... 215 25 | 215,000} 168,000 
Meaval3saeme es os 6) 7 | 108, 000 71,000 || May 25, p.m..-....... 26 | 198, 000 86, 000 
Maal). meen 8} 48,000 40,000 || May 26,a.m.......... 27 | 209, 000 157, 000 
Mery intae meee 2): 9| 82,000] 193,000 || May 26, p.m.......... 28 | 181, 000 78, 000 
Memmi 15: 0: mae iat. 10 | 34,000 56,000 || May 27,@.m.......... 29 | 176,000} 186,000 
Maylo.ds mis to.) 11 | 115,000 | 169,000 || May 27, p.m.......... 30 | 196, 000 93, 000 
May 16, p. m.......... 12 | 126, 000 166,000 |} May 29,a.m-.......... 31 | 256, 000 128, 000 
Maye 8 Meo) 13 | 207,000 | 210,000 || May 29, p. m.......... 32 | 240,000] 312,000 
Mest ices. e se 14 | 151, 000 42,000_|| May 30,@.m.......... 33 | 338,000] 161, 000 
May AS asm: 222205. - 15 | 154, 000 68,000 |) May 30, p.m.......... 34 | 191, 000 94, 000 
May iS spotie cea i 5.2 16 | 99,000 74,000 || May 31,a.m_......... 35 | 99, 000 74, 000 
May dos acme 17 | 167, 000 94/000))||, Mayo) p.m1 72) 36 | 94,000 63, 000 
May 21,.p: Was -c22.05.. 18 | 126, 000 87, 600 
Miaya22 a me sien 19 | 216,000 159, 000 WASV.CTA LG Seer naaeul ie heen 153, 905 114, 497 


In all the experiments the utensils were probably washed more 
earefully than on the average farm, and to show how many bacteria 
may be introduced into milk under dirty conditions when utensils 
are not washed until just before milking, figures from another series 
of experiments may be of interest. In the latter experiments milk 
produced with the use of the small-top pails showed an. average 
count of 1,309,000 compared with 2,015,000 bacteria per cubic centi- 
meter in open pails. While in this experiment utensils were han- 
dled in an extremely careless manner, the results show that a large 
number of bacteria may be introduced from unsterilized utensils. 

While the average count from the open pail was higher than from 


the small-top pail, the value of the latter can not be accurately deter- 


mined from the results, because the utensils were not sterilized. In 
a general way, however, the small-top pail has some value even under 
the conditions described. 

The results obtained in Experiment No. 6 confirm those obtained 
in our first experiment and indicate that the greatest contamination 
of milk comes from the use of unsterilized utensils. 


EXPERIMENT NO. 7. (COWS AND FLOOR CLEAN, MANURE REMOVED DAILY, 
UDDERS AND TEATS OF COWS WASHED, UTENSILS STERILIZED.) 


Experiment No. 7 was conducted under the same conditions as 
Experiment No. 4 except that the cows were not bedded. The gen- 
eral condition of the barn during the experiment is illustrated in 
figure 14 and that of the cows in figure 15. The floor of the stable 
was kept comparatively clean, the manure was removed daily, the 
utensils were sterilized, and at each milking the cows were cleaned 
and udders and teats were wiped with a damp cloth. Only a few 
samples of milk were taken during this experiment, which continued 
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from June 5 to 15,1916. The average bacterial count of 15 samples 
from the small-top pail was 2,667 and from the open pail 4,947 
bacteria per cubic centimeter, as shown in Table 8. In the previous 
series (Table 4) the average bacterial count was 2,154, compared with 
2,667, the average count obtained in this series. The figures are par- 
ticularly interesting, as they represent average counts of milk pro- 
duced under similar conditions with periods of time about three 
months apart. The bacterial counts of milk from the small-top com- 
pared with open pails again show the value of the former type. 


TABLE 8.—Bacteria per cubic centimeter in dual samples of fresh milk pro- 
duced under conditions described in Experiment No. 7. 


Saini Open | Small-top || Sample} Open j|Small-top 
Date No. pail. pail. Date. | No. pail. pail. 
1916 1916 
JUL pe Missareses cee 1 4,900 1,300) || Sune 10;asmeis se... =. 10 3, 100 2,300 
June GyadMyees se se a 2] 21,300 1,200 || June 10, p. m.. 11 8, 400 1,600 
AP ELY Ops Ott ee ee 3 3, 700 6,400 || June 12, a, m..- =e 12 3, 800 5, 400 
Sime 7, Ns oe 4 3, 100 25300: || dune 1255p. mis 2 2 eee 13 1,700 4,600 
June 7, p. m.... 5 4,900 2-200 || June lS a.m. ee 14 1,500 2,100 
June Syan ie see 6 3, 700 14008) Fume tS Spepmiee sae ee 15 900 2,200 
June 8, p.m... 71 22800 2° 400 | 
JUNE Qa Mes 2 seo 8 7, 500 3,300 | AVGlaSe. 22 = saenc | See eee 4,947 2,667 
spibites $f 10s eS 55555 9 2,900 1,300 | 


Fic. 14.—Condition of barn during Experiment No. 7. 


middle milk taken 


milking which was 
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During this ex- 
periment the aver- 
age count of the 


directly from the 
udder of two cows 
was 1,172 bacteria 
per cubic centimeter, 
which, subtracted 
bron 2,667, the 
count of the entire 


milked into small- 
top pails, leaves 
1,495, or the number 
of bacteria per cubic 
centimeter intro- 
duced into the small- 
top pail by external 
contamination. 
Similarly the aver- 
age udder count of 
middle milk of the two cows milked into open pails was 1,557, which, 
when subtracted from the average of the open pail, 4,947, gives a 


Fig. 15.—Condition of the flank and udder of one of the 
cows during Experiment No. 7. 


difference of 3,390 bacteria per cubic centimeter to represent the 


number introduced by external contamination. 

In this final experiment we again used a few simple factors, 
namely, sterilized utensils, clean cows with clean udders and teats, 
and the small-top pail. The figures confirm the previous results. 


CONTAMINATION OF MILK BY UNSTERILIZED UTENSILS. 


In this work the results have indicated that generally the greatest 
contamination of milk comes from the use of unsterilized utensils. 
Since that factor is so important in the production of low-count 
milk it deserves special consideration, and therefore additional data 
on the subject are presented. 

Table 9 shows the results of the bacterial examination of 60 sam- 
ples of milk from both sterilized and unsterilized small-top pails. 
Each number represents two samples taken at the same milking, 
when two cows were milked into a sterilized pail and two into an un- 
sterilized one. All the cows were cleaned and bedded, but the udders 
were not washed. The 60 samples from the sterilized pail showed an 
average bacterial count of 6,306, compared with 73,308 for the un- 
sterilized pail, a difference of 67,002, which represents the average - 


number of bacteria per cubic centimeter introduced through unsteril- 
18989° —18—Bull. 642—4 
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ized utensils. The results appear graphically in figure 16, which 
shows the remarkable difference between the bacterial content of milk 
from sterilized and unsterilized utensils. The highest bacterial count 
of all the samples from sterilized utensils was 21,500 and from un- 
sterilized utensils 284,000 bacteria per cubic centimeter. 


TABLE 9.—Bacteria per cubic centimeter in dual samples of fresh milk when 
sterilized and unsterilized utensils were used. 


-Small-top pail. | Sma/’l-top pail. 
Sam- Sam- | 
Date. pie Date. ple 
No. Steril- | Unster- No. Steril- | Unster- 
ized. ilized. ized. __ ilized. 
] | 1 
1916 1946 : 

Aras O) Tile ea 1 3 700 17 DUO bebe. meses oo a 32 16,700 56,000 
Janes asaah oes eee 2 5,800 | 112,000 || Feb.8,p.m_.._.._._. 33 2,900 | 37,000 
Jano20=pmes a 3 6,900 | 47,600 || Feb.9,a.m........... 34 6,800 18,300 
Same 2d a as eee 4 12,500 38, 2005]; ebs-O-pyamare se 35 1,200 | 149,000 
Jan ol. pemie seen: 5 4,900 | 18,400 || -Feb.10,a.m......___. 36 3,100 42,000 
Aaa O3. 7). cee ae 6 8,100 | 126,000 || Feb.10,p.m....-.._- 37 1,500 42,500 
Janos aan ee 7 3,300 68-CO0 eb: Al acm a 38 5,400 37, 100 
Jan 24 pana 8 6,900 OF 100 jeep. diy p-maaie ee 39 2,900 94,000 
Sen g5,8 7m ae 9 3,8C0-| 66,000 |] Feb. 12,a.m.-_...._.. 40 6,300 | 33,900 
Jaro padi: sa 10 4,200 16,5000 tebst3s p.m] 22-22 41 2,500 21, 200 
Jan26 eae ee 11 6,800 85,000 || Feb. 14, p:m__* --.--- 4 4,200 19,800 
Jame ob anss ce oN 12 6,€00 | 18,600 || Feb.15,a.m.......... 43 | 12,500) 55,200 
dain Ove sans See 13 | 21,500 | 27,900 || Feb.15,p.m_........ 44 7,500 | 68,000 
Janie pole ae 14 4,500 5 100%) Keb-16. acme 45 UU Rae oe 
Jama Ge ent esse ee 15 4,900 AS" 2004) Heb: 1Gip. mine Se se 46 1,500 | 117,000 
fan OS-apsm 2. 1h) 16 3,700 | 141,0C0 || Feb. 17,a.m_.-....--- 47 6,300 | 195,000 
dan O0var am: o-2 Site 17 768007 3542 0004|| Feb. 47..psan 48 3,100 | 65,000 
Jane 30 p. wits rae a 18 3,400 |. 203,000 || Feb. 18,a.m.......... 49 6,900 | 152,000 
Satie lesa cali ees | 19 17,500 935000) |/ Pebsi8isp: mae See 50 8,900 | 103,000 
Jano3i ip sia ae i 20 2, €00 | 102, 000 || Feb.419) aom--...-.._: 51 8,500 |} 106,000 
ep lea. tse = 21 15,800 64,700 || Feb. 20, p.m-_...-...- 52 5,800 62,000 
Hie Deals pai ase se = 22 9,300 92;000.|, Keb: 22; pms 5 22-2. 53 2,500 83, 000 
Feb. 2, p.m 23 3,500 SIACUS || ANS ob Pay Mth Sesh ne 54 6, 200 39,700 
Hebi Shalga ere US 24 5,100 32, 200) |e ba 23 praia ae 55 6,200 97,000 
Repos pein. ee... 25 3,000 | 28,200 || Feb. 24,a.m.......... 56 8,900 | 97,000 
LS) ope Ses ta been en 26 9, 900 1,400) Rebs24.p. am. seo 2. 57 5,100 | 133,000 
Hepwaapan ee 27 2,700 | 37, 200"|| Heb. 9, acme ee 58 3,900 | 130,000 
Web. bay at os a 28 | 19,300] 11,800 || Feb. 25, p.m_.......- 59 4,600 | 131,000 
Hepoosps mee 29 2,600 | 284,000 || Feb. 26,a.m........_- 60 3,200 | 134,000 
Habsgaa baa eee 30 5,300 | 54,000 ——____|____ 
Heb sib p state See 31 2, 900 68,000 AV ClAR AN ss en a| Seer | 6, 306 73, 308 


The diagram shows that in two cases, numbers 26 and 28, the milk 
from the sterilized utensils was slightly higher in bacterial content 
than that from the unsterilized. In both cases the counts were rela- 
tively low, which indicates that the unsterilized utensils in these par- 
ticular cases were thoroughly washed in very hot water. Throughout 
the series, as soon as the samples were taken the pails and cans were 
washed in hot water—54.4° C. (130° F.)—in which washing powder 
had been dissolved. The insides of the cans and pails were scrubbed 
with a brush. After washing, the cans were inverted and remained 
uncevered until the next milking. It is evident that they were washed 
better than they would have been on the average farm. By this 
method of handling it is apparent that the number of bacteria in the 
unsterilized cans would be smaller than in those in which milk had 
stood for a considerable time, for in the latter case there is an oppor- 
tunity for a great multiplication of bacteria. The higher the bac- 


boa ne Tale a a Aa 
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teria! count in the milk, the higher it would be in the can after the 
milk is poured out. The more milk there is left in the can before 
washing, the higher the count would probably be after washing, and 
consequently the greater the contamination of the fresh milk placed 
in the can. The method of handling utensils in the experiment ex- 
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f1¢. 16.—Bacterial contents of milk from sterilized (black), and unsterilized (white) utensils, 
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plains, therefore, the relatively low count found in milk placed in the 
unsterilized utensils. 

The number of bacteria introduced into milk by unsterilized uten- 
sils is extremely variable because of the many different ways in which 
the utensils may be handled. To show the variation other experi- 
ments were conducted, the results of which are shown in Table 10. 
In these experiments the manure was removed only twice a week and 
the cows were dirty. Under the conditions the average count of 
30 samples of millx from sterilized utensils was 31,040 bacteria per 
cubic centimeter, which represents the contamination of the milk, 
largely by manure, but does not include that from unsterilized uten- 
sils. Under the same conditions 50 samples of milk were taken, di- 
rectly after milking, from washed but not sterilized utensils. The 
average count of this series of samples was 666,520. Deducting 
31,040, the average count from sterilized utensils, the remainder, 
635,480, represents the average bacterial contamination per cubic 
centimeter of milk resulting from unsterilized utensils. Referring 
to the contamination by unsterilized utensils discussed in the previous 
experiment and shown in Table 9, it may be seen that the contamina- 
tion in the two experiments was very different, being in the former 
relatively low and in the latter very high. 

To show further the variability of the factor of unsterilized uten- 
sils, another series of samples was examined under the same barn 
conditions but with utensils treated in a different manner. After 
milking, the milk was poured from the utensils, but the drainings 
were allowed to remain. The utensils were placed upright on the 
floor until the next milking, or about eight hours later, when they were 
washed in the same manner as in the previous experiments. The 20 
samples of milk taken under these conditions averaged 1,667,000 
bacteria per cubic centimeter, as shown in Table 10. The count was 
nearly three times that of the average of 50 samples in which the 
utensils were washed immediately after milking but not sterilized. 
By deducting the average figure of 31,040 bacteria obtained in the 
samples from sterilized utensils, the average number introduced from 
unsterilized ones held eight hours before washing was about 1,635,000 
bacteria per cubic centimeter. While that method of handling uten- 
sils may not represent average conditions in practice, it is not unu- 
sual. The results indicate that a very large number of bacteria may 
be introduced into milk from washed, unsterilized utensils. 
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TABLE 10.—Number of bacteria per cubic centimeter introduced into milk through 
unsterilized utensils. 


t 
Utensils Utensils | | Utensils | Utensils 

Utensils | washed held 8 | | Utensils | washed held 8 

Sample No. steril- directly hours Sample No. | steril- directly hours 

; ized. after before | ized. after before 

milking. | washing. | milking. | washing 
1 ee ng 27,000 225, 000 GZOROOOR|| P2ie aes ae ee ZA OOOH Mel SLO O00) hese eee 
7h eet Nn 58, 000 1, 140, 000 SZOKOOO | P28 se ceseeeeera 25, 000 9203 000N Ease eases 
Bo RSE eee ee 54, 000 ZO OOOH Ss S0OR000E! | 29852 wate e tea. es 16, 500 ONE OUO lessccaseccs 
ASR hat ses 2 83. 000 620% 0008 eT S005000) || (305s: a2 ne 10, 500 AKO (00) ascbacssoec 
DD) scan es meee 28, 000 680, 000 COX OOOR ils one eee sc eee ae mee SYA QUO Me Sassoccuse 
Ta ek ee ee ee 96, 000 1, 080, 000 EASON OOO Oo eee Se ee orien 44000 0p hase see 
U Sse eae eae 11, 800 490, 000 CAD) COO: I BWossacocases sacs souaacetee ISO; O00) |eaaascoacer 
coh 2) SS See a aee 39, 000 850, 000 SOON OOON RG 42 shsatose eas eee eect ZEW O00) |escadscacoc 
ee 8 fe He hire EN 23, 600 840, 000 SONOOOR| Sowers eee es eae) eee SISSO0O et Sareatee 
TI) ese eras erste? 98,000 | 1,450, 000 CEOS O00) Wes Senator oaco ee sheetase OV WOO se Saescecar 
IL Se Seeks Re eee PME ADD | POO CO ASSO CO sll SWieeesocoassocess|secuscsce= Bis}, WOO) esonososcce 
1A. re eae eae PAOD als COs OOO: 94, CANS COO) {| Siete acouesne sks cecaacence AAD) OOO | aeasecoease 
ay GE Rs ee er 10, 200 AAD OOO) ||. 1s PAO), O00) eles Sebeeeccosedlsaccosaaae CS, 0U0 Wesoos ses coc 
Ae Toe ee Mr) ge 22, 000 GLOKOOO) IL S40 COON AO seco oo esas secre = (AOS COO Nos sesesacen 
15) 2 5o eae ee ce 12, 100 3405 000M fal O80 O00EI Ate eee esece ee ee os oce SD CUM easaseasoce 
Ose ese ees 42, 000 GSOROOOM el AO ZOS OOO: 42 eyes eee: eee seer eeaye = BOS 0008 | Saeeeeaetee 
735 See eee 16, 400 AAONOOOF seat CO TO00 S| 43 ees ee ae eee AOR OUO ee doe ecses 
Ie SSRs omnes 22, 800 SOG 000 Fs 820 1000 Fae secrete ssc oe =| 230; 0008 Sasso seeose 
LORE teers ee: 24, 000 3045 000F ae 2? 200NCO0T pa Oka soe eee es oe IO U0) ee Sececanc 
OAD ccs eee 37, 000 AGOROOOE| M44 S00T000) I t4Ghe oe aa, eee eee ee 230 000; See ae eee 
2 ey tae ae 1395008 eleo205 0008 ee ates e oe Api ectatn alae TL ies nen 1'S2 10005 |S sees 
DE en ats Se Berea 57, 000 C905 O00 |soscesesen- [Rel eats a re reached eae By ORONO" seoacese ook 
PBN Sater Se ea 1452007 O00 K000s| Gate aaeea. AOI ee Ee doe ere Oreck ae dou SOOKOOOF Ee Sees aa= 
Dl. Ss aa ea 15, 500 7h, WOO) aso aeeesose D0 Maske eisoucesets eae ris G7iO;0000 Seeman == 
DS aaa ay eek eee 8,000 | 1,940,000 |.......---. | 
BU GUee eee ya cic ae 7, 600 OOO seaaeasasee Average...| 31,040 666,520 | 1,667,000 - 


Several determinations of the total number of bacteria in washed 
cans and pails were made just before milking. They were obtained as 
follows: Four hundred cubic centimeters of sterile water was placed 
in each utensil and vigorously shaken, the contents were then poured 
into a sterile receptacle and the number of bacteria determined in the 
usual way. The results of some of the determinations are shown in 
Table 11. Five-gallon cans were washed, as has been described, with 
hot water at approximately 54.4° C. (130° F.) in which washing 
powder was dissolved. The interior of the utensils was scrubbed with 
a brush, then rinsed, inverted, and left uncovered in the milk house. 
The number of bacteria per can ranged from 292,000,000 to 5,520,- 
000,000 and in the pails from 2,400 to 12,600,000. Table 11 also shows 
two counts of pails and cans which had been held eight hours before 
being washed, one can showing 15,600,000,000 and the other 
16,800,000,000 bacteria, while the pails showed 44,000,000 and 700,- 
000,000 bacteria, respectively. The results show the great variation 
that may occur in can and pail counts when held under different 


conditions. 
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TapLte 11.—Total number of bacteria found in clean-washed but unsterilized 


utensils, 
Series No. Washed can. | Washed pail. |- Series No. Washed can. | Washed pail. 

1S See soo | 728, 000, 000 76, 400 | SE NSE ere aes 292, 090, 000 4, 200, 000 
2) tea eS ae 816, 000, 000 27000 7| ei Orataerces = ase i, 220, 000, 000 652, 000 
Sete see 860, 000, 000 ZrAQOA LO. 2 eae e eRe 1, 180, 000, 000 2, 200, 600 
7 i eee 5, 526, 000, 000 17, 600 | de ok sans eee 1, 640, 000, 000 10, 400, 000 
bu Rees eats 624, 000, 000 S008 || Sls pera ese | 116,800, 000, 000 1 700, 000, 000 
6) wae nea 870, 000, 000 12, 600, 000 | IES e eee 2-52) ela, 600}. 0008000 44, 000, 000 
1: ey ae 1, 580, 000, 000 1, 380, 000 | 


1 Held 8 hours before washing. 


During the work it was thought that one rinsing of a can with 
sterile water probably did not remove all the bacteria from the in- 
terior. To determine the point several tests were made, the results 
of which are shown in Table 12. In the first test the can was rinsed 
twice, with 400 cubic centimeters of sterile water each time. The 
first rinsing showed 860,000,000 bacteria and the second 478,800,000, 
or a total of 1,338,800,000 bacteria in the can. In a second test, in 
which the can was rinsed three times, each rinsing showed large 
numbers of bacteria, the count being lower after each rinsing. In a 
third test, in which four rinsings were made, the last one still re- 
moved a large number of bacteria. It follows from these results 
that one rinsing removes only a portion of the bacteria from the can, 
and therefore is not a true measure of the number of bacteria present. 
The highest total count per 5-gallon can in that test was 8,876,000,000 
bacteria. A simple calculation proves that if this can were filled 


with milk, 469,132 bacteria would be added to each cubic centimeter | 


through contamination from the can. This merely shows the possi- 
bility of great contamination from unsterilized utensils. 


TABLE 12.—Hffect of several rinsings in determining the number of bacteria 


i CANS, 
Number of bac- 
Number of rinsing. teria per 

; washed can. 
t Ls Sa ae oe ya Sn a, Sema N ee ates 860, 000, 000 
Dis SBS oe Ly ER RON ERE! SEER G ES” cee Ee 478, 800, 000 
UWe fe meet A eak Ae Aine 218 Sele | 1,338, 800, 000 
Wi SSIES CAS Ee, Peee | 5,520, 000, 000 
Die SRE I Snel Sry 38S CE eR ATS SA EE ms | 2,640, 000, 000 
AS Maes ae ar ie a aes a a 716, 000, 000 
Total Seo! cee ee eae | 8, 876, 000, 000 
Ne ne Fe ee AS es Cee ee 624, 000, 000 
De Le RAE Rap eae eke te Pee a OF arr ie 316, 000, 000 
Capen Mh Ee aoe me 5: | 109, 000, 000 
Bee esi Be Oe Cee 72, 000, COO 


Totaleoatee a ee eee ener | 1, 121, 000, 000 
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As a matter of additional interest, some experiments were con- 
ducted which show that bacteria grow in washed cans which are 
closed before they are thoroughly dried. To illustrate the point, two 
5-gallon cans were sterilized, then one was filled with milk, which 
was immediately poured into the other, and that in turn immediately 
emptied. The operation was performed in order to introduce into 
each can approximately the same number of bacteria. Each can 
was then washed in exactly the same manner, the excess of water 
being shaken out and the cover replaced. A determination of the 
number of bacteria in one of the freshly washed cans was then made. 
The other can, which it may be assumed contained approximately the 
same number of bacteria at that time, was allowed to stand at a 
warm temperature for 24 hours, when the number of bacteria was 
determined. An examination of the results in Table 13 shows that 
in each of the seven tests there was a great increase in the number 
of bacteria in the cans during the holding period of 24 hours. The 
importance of drying cans thoroughly after washing, particularly 
when they are immediately covered, is therefore evident. 


TaBLE 13.—Bacterial growth in cans covered before being dried. 


Bacteria per can. Bacteria per can 

Series No. Series No. . 
Freshly 24 hours after Freshly 24 hours after 
washed. washing. washed. washing. 
1 Dict aen ne ees tasaned sec aEe Sie | 960, 000 S47 MOCO OOO a mere satus cet aes | 99, €06 320, 000, 000 
YA a Bhs ORR a al ats 618, 000 201-2 10008 OOOH AG Sess cok Wa | 5, 570, 000 748, 000, 000 
CBs nas ine BT ae 137, 000 SSOMOOOROOO | eee se ee 305, 000 138, 000, 000 
G5 eo Ee eee Ae eae 91, 000 428, 000, 000 


_ Utensils that have not been sterilized, besides adding large num- 


bers of bacteria to milk, introduce types which greatly affect the re- 
lation of the various bacterial groups in it. This matter also was in- 
vestigated, determinations having been made of the bacterial groups 
in milk drawn directly from the udder, from sterilized utensils, from 
unsterilized utensils, and from washings of unsterilized cans. Table 
14 summarizes the results of this work. Numerous samples from 
different sources have been averaged in the table. The bacterial 
groups were determined by the milk-tube method, which has been 
described. 

The bacterial groups in the samples of milk drawn directly from 
the udder compare very closely with those in the milk from sterilized 
utensils. It will be noted that in the milk from unsterilized utensils 
there was a great increase in the percentage of the alkali-forming 
and peptonizing groups. While the acid-coagulating peptonizing 
group was not found in milk from utensils not sterilized, it was pres- 
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ent m the milk drawn directly from the udder. It was not found 
for the reason that the bacterial count being so great such dilutions 
had to be used in plating that the small number of bacteria of that 
type did not appear on the plates. It is also of interest to note that 
the washings from the unsterilized cans contained high percentages 
of the alkali-forming bacteria and particularly the peptonizing 
group. The addition of peptonizing bacteria in large numbers to 
milk is a matter of considerable importance, since they may be highly 
undesirable in that they produce putrefactive changes. North has 
frequently called attention to the importance of the use of sterilized 
utensils, which has been further emphasized by results obtained by 
Prucha, Harding, and Weeter (8). The work of these investigators 
and our own experiments indicate clearly that the use of sterilized 
utensils is the greatest factor in the production of milk of low bac- 
terial count. 


TABLE 14.—Bacterial groups in milk directly from the udder, in fresh milk from 
sterilized and unsterilized utensils, and in washings from clean but unsteril- 
ized cans, 


Bacterial groups. 


Number | i 
Source of sample. of samples es | = Acid co- 
averaged.| Acid co- | | are epto- | agulating 
agulating Acid. Inert. Alkali. | nizing. (pept 5 
| nizing). 
5 gee J HiTech ae cr | 
Per cent.| Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 
Wid der nays ants OS Ue eae se 47 46. 21 37.25 9.41 0.45 1.36 5.09 
Milk from sterilized utensils. ... 19 25. 81 39. 22 25. 51 5 ffl 3. 26 5.49 
Milk from unsterilized utensils. . iy; 11.54 16.99 31.55 14.14 25. 79 0 


Washings from unsterilized cans_ 2 -39 2185 11. 64 19. 24 66. 87 0 


The small dairyman often has difficulty in providing an inex- 
pensive apparatus for sterilizing his utensils. Realizing this, a sim- 
ple steam sterilizer has been devised in the Dairy Division. The 
sterilizer, fully described in Farmers’ Bulletin 748, entitled “A Sim- 
ple Steam Sterilizer for Farm Dairy Utensils,” is inexpensive to 
construct and operate and provides a practical method for sterilizing 
dairy utensils on a small scale. The bulletin will be sent free to 
anyone on request to the Department of Agriculture. 


CONTAMINATION OF MILK BY MANURE AND DIRT. 


It has been shown that unsterilized utensils are a source of very 
great contamination of milk, but they are not the only means of con-" 
tamination. Statements have been made, and possibly it has been the 
general belief, that the greatest contamination of milk comes from 
manure and other accumulations of dirt on the body of the cow. 
The results in these experiments indicate that while that is an im- 
portant source of contamination from the standpoint of the number 
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COMPARISON OF SEDIMENT AND BACTERIAL COUNT OF MILK FROM SMALL-TOP AND 
OPEN PaiLs DuRING EXPERIMENT No. 5. BACTERIA PER CuBIC CENTIMETER AND 
SEDIMENT DISKS FROM ONE PINT OF MILK. 


Continued in Plates II and III. 
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COMPARISON OF SEDIMENT AND BACTERIAL COUNT OF MILK FROM SMALL-TOP AND 
OPEN PaiILs DURING EXPERIMENT No. 5. BACTERIA PER CUBIC CENTIMETER AND 
SEDIMENT DISKS FROM ONE PINT OF MILK. 


See also Plates I and ILI. 
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COMPARISON OF SEDIMENT AND BACTERIAL COUNT OF MILK FROM SMALL-TOP AND 
OPEN PAILS DURING EXPERIMENT No. 5. BACTERIA PER CuBIC CENTIMETER AND 
SEDIMENT DISKS FROM ONE PINT OF MILK. 


Continued from Plates I and II. 
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COMPARISON OF THE SEDIMENT AND BACTERIAL COUNT OF MILK FROM SMALL-TOP 
AND OPEN PaiLs DurRING EXPERIMENT No. 7. BACTERIA PER CuBIC CENTIMETER 
AND SEDIMENT DISKS FROM ONE PINT OF MILK. 
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SEDIMENT DISKS SHOWING FROM 0.01 TO 0.5 GRAM OF FRESH MANURE. 
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of bacteria introduced, it is a factor of less importance than un- 
sterilized utensils. Nevertheless, dirt and manure should be kept 
out of milk, not only to help insure the production of milk of low 
bacterial count, but also to minimize the possibility of infection by 
disease-producing organisms, particularly that of bovine tubercu- 
losis. It has been shown by Shroeder (4) that cattle having tuber- 
culosis swallow their sputum, so that the tubercle bacilli in it pass 
through their bodies and into the manure. 

The small-top pail was designed for the purpose of helping to 
prevent the entrance of manure and dirt into milk. Many investiga- 
tions, among which may be mentioned the work of Stocking (5), 
also Harding (6) and his associates, and Lamson (7), have shown 
it to be of great assistance in this connection. ‘Throughout the 
experiments both the open and small-top pails were used, and 
attention is again called to the value of the small-top pail in 
the experiments whether the cows were clean or dirty. Table 15 
gives a summary of the average bacterial counts from milk from the 
sterilized open and small-top pails. Discussion of the results is 
unnecessary, as they confirm what has been recognized, namely, that 
lower bacterial counts can be obtained when a small-top pail is used. 
In all except the last figures in Table 15 the averages represent the 
counts at the same milking when two cows were milked into open 
and two into small-top pails. The most interesting point in connec- 
tion with the figures is the fact that even under extremely dirty 
conditions relatively low average bacterial counts were obtained. 
The original cost of a small-top pail is little more than that of an 
open pail; it is no more expensive to care for and is of distinct 
- value in preventing the entrance of manure and dirt into milk; 
consequently it should always be used. 


TABLE 15.—Summary of bacterial counts of milk drawn under various conditions 
into sterilized open and small-top pails. 


Bacteria per cubic cen- 
timeter. 


Number 
Condition of cows and barn floor. of samples 
: averaged.| Open pail | Small-top 
(steril- | pail (steril- 
ized). ized). 
Cows dirty, manure removed once a week.............--------------- 36 22,677 17, 027 
Cows dirty, manure removed once a week (6 months later)......----.-- 4] 86, 212 24, 439 
Cows dirty, udders and teats clean, manure removed twice a week....- 23 6, 166 2, 886 
Cows clean, udders and teats washed, manure removed daily.......-- 15 4,947 2,667 
Cows clean and bedded, udders not washed, manure removed daily... 32 8, 681 16,306 


165 samples. 
The value of the small-top pail is well illustrated in Plates I, I, 


and ITI, in which a series of sediment disks is shown. The cotton 
disks show the sediment from milk when a small-top and an open 
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pail were used at the same milking; in each case the bacterial count 
is shown above the disk. During the work the manure was removed 
from the stable only twice a week, and as a result the cows were 
extremely dirty. A study of the disks shows that in nearly every 
case when the small-top pail was used there was less sediment in the 
‘milk. The most striking difference is shown in sample 21. In some 
samples, however, there was apparently little or no difference, and 
when the disks from both the small-top and open pails showed little 
sediment there was, as a rule, less relative difference between the 
disks from the two types of pails. 

The average number of bacteria per cubic centimeter in the 30 
samples from the small-top pail was 29,263 and in milk from the open 
pail 87,380. The most striking difference in the bacterial count is 
shown in sample 10, where samples from small-top and open pails 
contained a large quantity of sediment. So far as could be judged, 
one kind of pail contained about as much as the other, but the bac- 
terial count of the milk from the small-top pail was 166,000 and 
from the open pail 940,000 bacteria per cubic centimeter. It is inter- 
esting to note that in the majority of cases in which the sediment 
disks showed a large quantity of manure there was a relatively low 
bacterial count. Occasionally a sample showed a large quantity of 
sediment and a high count, while other samples containing a similar 
amount had a low count. This is well illustrated in samples 10 and, 
21, which represent sediment in milk from the open pail and may 
be explained by the variation in the number of bacteria in samples of 
manure. : 

When the cows were clean and the udders free from visible dirt 
there was much less difference in the sediment in milk from the 
small-top and open pails, as is well illustrated in Plate IV, which 
shows the sediment disks of milk drawn in small-top and open pails 
under those conditions. The cows were kept clean, the manure was 
removed daily from the stable, and the udders were wiped with a 
damp cloth just before milking. One of the cows and the interior of 
the barn are shown in figures 14 and 15. It must be remembered 
that the sediment disks represent the sediment in unstrained milk. 
Of the 10 samples examined, some showed practically no difference 
in the quantity of sediment in milk from the small-top and open 
pails, but as a rule the small-top pail contained less sediment and a 
slightly lower bacterial content. The average number of bacteria 
per cubic centimeter from the small-top pail in the 10 samples was 


2.410 and from the open pail 5,740.. It will be noted in sample 2 | 


that milk from the open pail showed 21,300 bacteria per cubic centi- 
meter, which raised the average of all the samples from the open 
pails. 


b 
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Throughout the work it was found that, in spite of the variation 
in the number of bacteria in manure, a fairly constant relation 
existed between the quantity of sediment and the bacterial count. 
The relation can be established only when fresh, unstrained milk, 
handled in sterilized utensils, is examined. Some attempts have 
been made by investigators to establish a relation between the sedi- 
ment test and bacterial count in market milk, which, of course, has 
proved impossible, because the history of the milk was not known. 

Campbell (8) draws the following conclusions: “'The quantity of 
sediment or visible dirt present on the disk is no criterion as to the 
kind or number of bacteria contained in the milk.” He made tests with 
samples of milk which were collected on the railroad station platform 
from cans as they arrived from various farmers. The conclusion is 
of course correct, but it should be qualified by a statement as to where 
the samples were taken. In such cases there are three unknown 
factors, namely, whether the milk was strained, whether it was han- 
dled in sterilized or unsterilized utensils, and what proportion of the 
bacterial count is due to contamination and what proportion due to 
growth. If the milk has been strained on the farm it is certain that 
there is no relation between the sediment and the bacterial count; 
neither will there be any if the milk has been handled in unsterilized 
utensils, which may introduce large numbers of bacteria. Neither 
can any relation be expected unless the comparison is made on fresh 
milk, since bacteria multiply rapidly unless the milk is held at a low 
temperature. The only way in which the relation can be established 
between sediment and the bacterial count is by a study of fresh, un- 
strained milk at the farm, and where sterilized utensils are used. 
Under such conditions there is a general relation between the sedi- 


“ment and the bacterial count, as is shown in Plate V, which shows 
‘the sediment disks from a pint of milk together with the number of 
‘bacteria per cubic centimeter in it. At the beginning of the experi- 


ment the floor in the barn was clean, the cows were fairly clean, and 
for a period of nine days the manure was allowed to accumulate on 


the floor. During that time the cows were not cleaned; consequently 


they became dirtier each day. The experiment began on October 12 
and continued to October 23, during which time samples of milk were — 
examined from each morning’s and night’s milking. The first two 
rows in Plate V show the sediment test and bacterial count of samples 
of milk at each morning’s milking, the lower two rows the results 
from the night’s milking. At the beginning, when conditions were 
fairly clean, it will be noted that there was a little sediment and that 
the bacterial count was low. On each successive day, as the cows and 
barn floor became dirtier, the quantity of sediment gradually in- 
creased together with the bacterial count. There were slight fiuctu- 
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ations in the quantity of sediment as well as in the bacterial count, 


but on the whole there was a strikingly close relation. Plate V shows - 


that after the morning milking on October 22 there was a decided 
drop in the quantity of sediment as well as in the bacterial count. 
On that date the manure was removed from the stable in the after- 
noon. That night’s milk showed decidedly less sediment and a lower 
bacterial count, as did also both milkings of October 23. The results 
show that there is some direct relation between the sediment and 
bacterial count which always may be influenced by the variable num- 
ber of bacteria in the manure. It is therefore quite evident that the 
sediment test is of value only under certain conditions.. 

Bacterial counts shown in Plate V are particularly interesting 
since they show that a very large quantity of sediment, in other 
words, manure, is necessary to create high counts provided the princi- 
pal source of contamination is manure. In the experiment in which 
the manure was not removed nor the cows cleaned for nine days, the 
highest count obtained was 1,550,000, and the next highest was 
1,150,000 bacteria per cubic centimeter. The other counts ranged 
from 6,600 to 450,000 bacteria per cubic centimeter. After the 
manure was removed the experiment was repeated under similar con- 


ditions for 10 days. During the latter period the highest count ob- » 


tained was 82,000 and the lowest 6,600. In both experiments steril- 
ized utensils were used; consequently, the contamination was due 
principally to the introduction of manure into the milk. The figures 
indicate that counts above 200,000 per cubic centimeter in milk usu- 
ally should not be attributed entirely to contamination from manure. 

The number of bacteria in 57 samples of fresh cow manure was 
determined, and the results are shown in Table 16. The range in 
number of bacteria per gram was from 2,900,000 to 690,000,000, the 


average number per gram being 49,645,614. From these results it can © 


be assumed, therefore, that the average bacterial content of fresh 
manure is about 50,000,000 per gram. From that number it is possi- 
ble to calculate the number of bacteria added to each cubic centimeter 
of a pint of milk through contamination by definite quantities of 
manure. Table 17 shows the number of bacteria that would be added 
to each cubic centimeter of milk if fresh manure were added in quan- 
tities varying from 0.5 to 0.01 of a gram, assuming an average gram 
sample to contain 50,000,000 bacteria. The figures show that 0.5 
gram of fresh manure would add 52,854 bacteria to each cubic centi- 
meter of a pint of milk, while 0.01 of a gram of manure would add 
1,057. 


na 
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TABLE 16.—Number of bacteria in fresh cow manure. 
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Bacteria = Bacteria Bacteria = Bacteria 
Sample No. per gram. Sample No. per gram. Sample No. per gram. Sample No. per gram. 
Terenas A * UENO O00) Ili HOSS Skee Ae IPS WO; O00) I esas see see 62000007 t46nse y= 6, 800, 000 
Dares mati 1 HI OOOMOCO! |Meat 60; 000; 000 |} 82:-......2- DSOOSOOO) ||P 4ioe sees ae 9, 400, 000 
Sih en ee Se DOOROOON elt Saas see eee A (N00 COO Ill Bic s5oadee GRSOOk O00) ||P 4Senaseeen ae 71, 000, 000 
LM a ee eae 1250095 0008/10 eee ene 15,000; O00) || 342-4 - 5-22 - GHICON COON 4 Ona eee 38, 700, 000 
Gy. pee ee 40, 000, 000 || 20.........- 200007 COONS oseeee se ae 41,000, 000 || 50.......... 17, 200, 000 
Gi sein SHOOOFOOOR NW e21e 52-2 se ee TOE OOOR OOO) Osceesccone 8850005 0007|| Slee 41, 000, 000 
(Mme erste 52000 COO 22525 2 eee S 000000 RSet 14 SOON COONPo2aeeeeecee 60, 060, 000 
Bieare iin t & 23300 000M P23 asa see ae 40, 000, 000 |] 38........-. TF OOO NOOO oSeeeee ae 10, 400, 000 
Bete ari = 650;000;/000) || 24.2252 5222 OOCOSOCO SOEs ee DS OOOMCOO) llwoteee eee 8, 700, 000 
LORE A pe Ed SS COO OOO Pioccsesonace He 500s COOK 40 ease eee HOOOHOOO||Gbat 5455422 3, 200, 000 
elie eS 15, 000, 000 || 26.......... 30, 000, COO || 41......-..- 32, 000, 000 || 56......._.- 2, 900, 000 
OLS Seam. 160, 000, 000 || 27........-- 9, 500, 000 |} 42..._...--- 1183, COO OOO) sI) Giese senses 11, 500, 000 
Dowels 30 0005000) || 2825525 eee" HG S00; O00) |\\ Besse sengas 40, 000, 000 ——__—_—___. 
Te Sak eal LOE OOH000) 29.52. os Op PLOOROOOF|| ma tirane saree ss 9, 500, COO Average..| 49,645, 614 
a eeetet = Soe 690, 000,000 || 30......-..- G00} 0007 4555252 85-- 26, 300, 000 


TABLE 17.—Theoretical number of bacteria which may be added to milk by vary- 
ing quantities of manure. 


Quantity of wet 


Number of bac- 


teria added to 
Pane aded to each cubic centi- Z 
2 : meter of milk. 
Gram. 
0.5 52, 854 
4 42, 283 
13 31, 712 
49} 21,141 
eal 10, 571 
075 7,907 
-05 5, 285 
. 025 2,642 
O01 1,057 


In order to show how much manure would be added to the milk, 
on the basis shown in Table 17, Plate VI shows a number of sedi- 
ment disks.1_ It will be seen from the figure that 0.5 of a gram of 
wet manure represents a quantity far in excess of that found in milk 
as produced on an average farm, and by referring again to Table 17 
it is evident that this excessive quantity of manure would add only 
52,854 bacteria per cubic centimeter. If 0.1 of a gram of manure 
were added to a pint of milk, that quantity would add only 10,571 
bacteria to each cubic centimeter. 

Tt is realized, of course, that these figures are only relative because 
of the variation in the bacterial content of manure, and, furthermore, 
that which does enter the milk is not necessarily fresh. The figures, 
however, confirm former conclusions that manure, though an im- 
portant source of contamination in general, is not so great a factor 


as unsterilized utensils in causing high bacterial counts. 


1 The authors are indebted to George B. Taylor, of the Dairy Division, for this series 
of disks showing definite quantities of fresh manure, 
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THE THREE MOST ESSENTIAL FACTORS IN THE PRODUCTION 
OF MILK OF LOW BACTERIAL CONTENT. 


In connection with the term “ production of milk” as used in this 
paper, it is evident that there are three essential factors which most 
influence the bacterial content. Named in the order of their im- 
portance they are, first, the use of sterilized utensils; second, clean 
cows, particularly the udders and teats; third, the use of the small- 
top pail. By the use of these factors it has been possible to produce 
milk of a low bacterial count and practically free from visible dirt 
in an experimental barn which represents a poor type found in this 
country. In fact, the counts obtained were so low that only 2,000 to 
3,000 bacteria per cubic centimeter were introduced through external 
contamination. A large number of factors not considered in this 
paper are responsible for this contamination. Some of them have 
been extensively studied by Stocking (1), Harding (9), Ruehle (10), 
and Prucha (11). 

It is evident, therefore, that the three simple factors mentioned 
prevent most of the contamination of milk. It is possible, however, 
that under some circumstances low-count milk can not be produced 
by means of these few factors. It has been shown that they prevent 
most of the external contamination and that by their use it is possible 
to produce milk with a bacterial content very nearly as low as that 
drawn directly from the udder. If milk drawn directly from the 
udder is high in bacteria, it 1s impossible under any conditions to 
produce a low-count milk. 

It is well known that freshly drawn milk from some cows is some- 
times high in bacteria; if there are, therefore, a number of such cows 
in a herd, the bacterial content of the mixed milk will be relatively 
high. Asan example it may be well to mention a case in which milk 
produced in a sanitary barn from clean cows and with sterilized 
utensils averaged 5,096 bacteria per cubic centimeter for 28 samples. 
In the herd there were cows whose milk occasionally was abnormal, 
in that it contained a few small clots and the last milk sometimes was 
slightly stringy. The milk from these cows was kept separate from 
the regular herd milk, with the result that 28 samples of it, produced 
at the same time as the other samples, averaged 137,786 bacteria 
per cubic centimeter. It is therefore evident that with cows of that 
type it would be impossible under any conditions to produce a low- 
count milk. 

It is not known how common such cows are in this country, and 
the point is mentioned merely to show why it is sometimes impossible, 
even with the three essential factors, to produce milk of low bac- 
terial count. 

The criticism may be raised that the value of the essential factors 
was determined under experimental conditions which do not repre- 
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sent practical conditions on the farm; therefore the following ex- 
periment was conducted under actual farm conditions to determine 
their value when used by the average dairyman. E 


A PRACTICAL DEMONSTRATION ON SIX FARMS. 


In order to demonstrate the practical value of the three essential 
factors previously 
mentioned they were 
applied on six farms 
in the vicinity of 
Grove City, Pa., with 
the voluntary coop- 
eration of the dairy- 
men. Five of the 
farms sent milk and 


experimental cream- 
ery operated at Grove 
City by the Dairy 
Division. It seemed 
advisable to have one 
producer of cream, in order to determine whether these factors would 
improve its quality. 


Fic. 17.—Interior of barn at farm No. 1. 


The scores of the six farms, according to the dairy-farm score card 
used by the Dairy Division, United States Department of Agricul- 
ture, were as follows: 
44.1, 42, 40.5, 41.1, 
40.9, and 38.4 out of a 
possible 100. The in- 
teriors of the barns 
are shown in figures 
i to 21. inclusive. 
The plan was to de- 
termine, first, the bac- 
terial content of the 
fresh milk and cream 
on the farm under the 
existing conditions; 
then to place in opera- 
tion the three factors, 
namely, sterilized utensils, clean cows with clean udders and teats, 
and small-top pails. 

For the work small-top pails of the type shown in figure 2 were 
lent to the farmers, together with simple steam sterilizers which are 
described in Farmers’ Bulletin 748. The method of operating the 


Fic. 18.— Interior of barn at farm No. 20. 
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sterilizer was demonstrated to the farmers, who were then left 
to operate it without further assistance. As the work was carried on 
during the summer and the cows were in pasture most of the time, 


Fic. 19.—Interior of barn at farm No. 27. 


their udders were 
always practically 
free from visible 
dirt; therefore that 
factor received no 
further considera- 
tion. 

At each milking 
the milk was stirred 
by means of a long, 
sterile pipette, after 
which samples were 
taken from each can 
and a composite 
sample made, which 


was immediately placed in ice water and plated within an hour and 
a half. For a period of three weeks samples were taken at each 
farm under the usual conditions (open pails, not sterilized) and for 
the three weeks following, when small-top pails, sterilized, were in 


operation. 


Table 18 shows the bacterial count of each sample obtained from 
the night’s milk, fresh, on each farm during the entire six weeks, also 
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Fig. 21.—Interior of barn at farm No, 178. 


the average counts. Figure 22 shows graphically the summarized 
and average results of the series of samples from each farm before 
and after the three essential factors were introduced. It will be noted 
that among the six farms some produced milk of a relatively low 
bacterial content. Milk produced from farms 20 and 48 under the 
ordinary conditions showed, respectively, average counts of 15,050 
and 34,861 bacteria per cubic centimeter, while after the introduction 
of the three essential factors the count was reduced to 4,656 and 


2,050, respectively. The greatest average decrease due to the intro- 
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Fig. 22.—Average bacterial content of night’s milk, produced on farms near Grove City, 
Pa., before and after using the three most essential factors for the production of milk 
of low bacterial content. 
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duction of the essential factors was noted on farm 27, where the 
average count was reduced from 186,995 to 3,606 bacteria per cubic 
centimeter. On farm 178 the average number of bacteria in the 
cream was reduced from 49,181 to 3,025 per cubic centimeter; all the 
separator parts were sterilized in the simple steam sterilizer and held 
in it until ready for use. 


TABLE 18.—Bacteria per cubic centimeter in daily samples of milk (5 farms) and 
eream (1 farm), showing effect of using small-top pails and sterilized utensils. 


! 


Open pails, uten- | Small-top ails Open pails, uten-| Small-top pails 


Farm sils not sterilized utensils sterilized Farm sils not sterilized utensils sterilized 
No. (3 weeks, July 23 (3 weeks, Aug. 15 No. (3 weeks, July 23 (3 weeks, Aug. 15 
to Aug. 12). to Sept. 2). to Aug. 12). to Sept. 2). 
1 233, 000 3, 500 29 80, 000 1, 200 
81, 000 2, 700 109, 000 600 
103, 000 51, 300 65, 000 1, 700 
176, 000 8, 500 8, 000 = 1,100 
67, 000 3, 200 16, 200 900 
220, 000 4,100 80, 000 3, 150 
17, 300 4, 500 8, 500 2, 800 
139, 000 10, 000 25, 300 1,300 
15, 200 4,100 302, 000 1, 700 
16, 900 5, 000 19, 000 1, 750 
28, 500 30, 000 400, 000 1,300 
49, 000 10, 000 30, 000 2, 200 
212, 000 7, 600 44, 800 1,100 
49, 000 9, 000 6, 000 7, 000 
88, 000 10, 800 140, 000 2,300 
32, 300 5, 900 11, 000 1,300 
600, 000 100, 000 
12, 600 10, 600 
71, 000 9, 400 
Average of 19sam- | Average of 16 sam- Average of 19 sam- | Average of 16 sam- 
ples, 116,384. ples, 10, 637. ples, 77,095. _ ples, 1,962. 
20 10, 300 3, 100 43 4, 200 1,100 
143, 000 800 70, 000 900 
7, 000 5, 400 320, 000 2, 000 
5, 800 2, 900 64, 000 1, 700 
12, 000 700 6, 600 2, 700 
1, 200 3, 800 2, 000 5, 600 
5, 300 3, 300 700 by 
17, 400 4, 500 2, 600 5, 600 
3, 300 2, 700 6, 000 2, 550 
3, 200 2, 550 6, 000 2, 050 
5, 400 2, 050 16, 000 2, 200 
6, 200 26, 100 30, 000 1, 700 
20, 000 2, 800 64, 000 1, 600 
9, 700 2,700 11, 400 1,100 
5, 000 800 3, 600 1, 000 
6, 700 10, 300 4, 600 900 
5, 200 4,000 
4, 200 2,800 
Average.of 18 sam- | Average of 16 sam- Average of 18sam- | Average of 16 sam- 
ples, 15,050. ples, 4,656. ples, 34,861. ples, 2,150. 
a ESS Average of 93 sam- | Average of 80 sam- 
27 420, 000 2,300 ples, 87,391. ples, 4,602. 
134, 000 1, 600 SSS SSS SS SS 
91, 000 3, 100 178 12, 000 2,100 
47, 000 2,400 (cream). 6, 000 100 
155, 000 1, 400 52, 000 2, 200 
93, 000 4, 000 15, 000 1,300 
77, 000 1, 900 2, 400 4, 200 
188, 000 1, 800 15, 500 2, 250 
118, 000 1, 800 17, 400 3,400 
102, 000 24, 000 3, 200 3, 700 
44, 200 2, 300 7, 200 10, 000 
406, 000 1, 500 24,700 750 
140, 000 2, 800 35, 700 2,000 
1, 140, 000 2, 500 94, 000 3, 600 
92, 000 2,000 300, 000 2, 600 
34, 400 2,300 8, 000 2, 400 
13, 300 173, 000 3,300 
105, 000 20, 800 4, 500 
153, 000 a SSS SSS 
Average of 16 sam- | Average of 16 sam- 


| Average of 19 sam- | Average of 16 sam- ples, 49,181. ples, 3,025. 
| ples, 186,995. ples, 3,606. 


| 
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The average bacterial count of 93 samples of milk taken from the 

five farms under the ordinary conditions was 87,391 per cubic centi- 
meter, which was reduced to 4,602 after the introduction of the three 
essential factors. The highest average bacterial count in fresh milk 
after the introduction of these factors was 10,637 and the lowest 
1,962 per cubic centimeter. 
_ It is believed that the results offer proof of the ee value of 
the three essential factors, namely, sterilized utensils, clean cows 
with clean udders and teats, and the use of small-top pails, for the 
production of milk of low bacterial count when fresh, on the average 
farm. The effect of holding the milk on the farm was not consid- 
ered in this work. 


BACTERIAL COUNTS OF FRESH MILK ON THE AVERAGE FARM. 


One of the interesting points noted throughout this work was the 
fact that very high bacterial counts were not obtained, even under 
extremely dirty barn conditions, with dirty cows, and unsterilized 
utensils. Asa rule, samples of fresh milk taken directly after milk- 
ing, when produced under these conditions, contained less than 
1,000,000 and usually below 500,000 bacteria per cubic centimeter. It 
must be remembered that in this work fresh milk which had not been 
strained or cooled was examined. It is realized, of course, that strain- 
ing and cooling over unsterilized coolers would increase the bacterial 
count to some extent. This observation led to the belief that in all 
probability the bacterial count of fresh milk as produced on the 
average farm is not so high as has been generally believed. 

In order to obtain some information on this point, 249 samples of 
fresh milk from 12 different farms around Grove City, Pa., were 
examined during the summer of 1916. The milk was strained but 
not cooled. The condition of the barns and the methods of handling 
milk probably represent the average on uninspected farms in the 
North and North Central part of this country and would score on 
the average approximately 40 points out of a possible 100, based on 
the United States Department of Agriculture dairy-farm score card. 

The results of the examination of samples of morning’s and night’s 
milk are shown in Table 19. The night’s samples averaged 115,135, 
and the morning’s samples averaged 180,696 bacteria per cubic centi- 
meter, and the average for all was 135,146. 
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TABLE 19.—The bacterial content of 249 samples of fresh milk as produced on 12 


Farm | Bacteria 
No. | perce.c. 


Farm | Bacteria 
No. per c. c. 


14 119, 000 
130,000 

190, 000 
290, 000 
90, 000 

64, 000 

1, 250, 000 
1 505, 000 

1 400, 000 

1 660, 000 

1 145,000 
-1.820,.000 
121,000 

1 168,000 

1 230,000 

1 470, 000 

1 121,000 
12,270,000 
1 1, 8907000 
1 930, 000 

1 1,020,000 


29, 400 
25, 000 
20, 000 
13,000 
22,000 


16 


W 30, 000 
21,000 
20, 000 
78,000 
84” 000 
1 40,000 
1 4’ 000 
111,000 
1 98, 000 
1 33,000 
1347000 


farms. 


Farm | Bacteria | 


No. peLEe. Ce 


20 10,300 


23 240, 000 
400, 000 
112; 000 

65, 000 
170, 000 
1 145,000 
1 490, 000 
1 233,000 
1 300, 000 
1 63,000 
1 37, 000 


27 420, 000 
134, 000 
91, 000 
47, 000 
155, 000 
93, 000 
77, 000 
188, 000 
118, 000 
102, 000 
44, 200 
406, 000 
140, 000 
1,140, 000 
92,000 
34, 400 
13, 300 
105, 000 
153, 000 
82.000 
44° 000 


1 Morning’s milk. 


Farm 


Q7 20, 000 
42, 000 
92,000 

1 130, 000 
1 242° 000 
136,000 
1 4,000 

1 26, 000 
1 250, 000 
116,000 
1 20,000 
1 64,000 


4, 200 
43 70, 000 
320, 000 

64, 000 

6, 600 


No. 


43 


47 


Average of allsamples, 249, taken on 12 farms was 135,146 bacteria per cubic centimeter. 
Average of 173 samples of night’s milk taken on 12 farms was 115,135 bacteria per cubic centimeter. 
Average of 76 samples of morning’s milk taken on 9 farms was 180,696 bacteria per cubic centimeter. 


Bacteria | Farm | Bacteria 
No. Perce: 


per ¢c. c. 


The samples may be grouped according to the number of bacteria 
per cubic centimeter, as follows: 


1,000,001 or more 
500,001 to 1,000,000 
250,001 to 500,000 
100,001 to 250,000 
50,001 to 100,000 


50,000 or below__ 


Samples. 


cor) 


249 


These figures indicate that the presence of millions of bacteria in 
milk, which in the past have been considered to a large extent as 


~ 
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evidence of great contamination, is evidently not due in most cases to 
original contamination. The results show that extremely high counts 
in milk are in general the result of bacterial growth rather than 
original contamination. 


THE EFFECT OF TEMPERATURE ON THE GROWTH OF BACTERIA 
IN MILK. 


The results shown in the previous discussion of the factors essen- 
tial for the production of milk of low bacterial count when fresh 
apply only to fresh milk. The dairyman must remember that when 
milk of that kind has been produced his responsibility has not ended, 
for the milk must be kept cold to prevent the growth of bacteria. 
The three factors discussed prevent to a large degree the contamina- 
tion of milk during production, as the term is used in this bulletin. | 
In the broad sense of the term “ production of milk,” the effect of 
temperature at which the milk is held on the farm must also be con- 
sidered. It is one of the greatest problems in the handling of milk 
on the farm, and extensive studies have been made to show the effect 
of holding milk at different temperatures-during varying lengths of 
time. Samples of milk produced under different conditions were 
held at 4.4°, 10°, and 15.5° C. (40°, 50°, and 60° F.) and examined 
when fresh and after each interval-of 24 hours for 96 hours, or 4 
days. The milk was produced in the experimental barn under three 
different sets of conditions, as follows: 

First. Cows were clean and bedded; the udders washed part of the 
time and left unwashed part of the time; the small-top pail’ used; 
and all utensils were sterilized. 

Second. Cows were dirty; the manure was removed twice a week; 
both open and small-top pails used; and all utensils were sterilized. 

Third. Conditions same as second except that the utensils were not 
sterilized. 

Complete detailed results showing the growth of the bacteria in 
the milk produced under the different conditions mentioned are given. 
Twenty samples produced under condition 1 were studied ; 34 samples 
under condition 2, and 30 under condition 3. 

The bacterial development in milk having a low count, as described 
under the first condition, is shown in Table 20. The calculated ratio 
of the bacterial growth in each sample is shown in Table 21. The 


~ bacterial development in milk under the second condition mentioned 
is shown in Table 22 and the ratio of the bacterial development in 


Table 23. Tables 24 and 25 show similar results for milk produced 
under the third condition. The summary of the averages of all the 
samples studied during this work is shown in Table 26. It will be 
noted that the milk produced under the three conditions when fresh 
showed somewhat different bacterial counts; that produced under 
condition 1 averaged 4,295 bacteria per cubic centimeter; under con- 
dition 2, 39,082; and under condition 3, 136,533. It will be seen, 
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therefore, that three different grades of milk, based on their bacterial 
counts, were considered. 

The figures presented in the tables show that with two samples of 
approximately the same initial bacterial count the increase was 
not always at exactly the same rate. In some determinations there 
were occasional counts far above normal at given periods, which 
can. be explained by the fact that there may have been a slight 
variation in bacterial types, although the initial count was approxi- 
mately the same. One type may have grown more rapidly- at a 
certain temperature than the types in other samples. It is believed, 
however, that in this work the variations above the normal were 
due to inability to control absolutely the temperatures in the hold- 
ing boxes. In general, however, the variations had little or no 
effect upon the average counts for the entire series of samples 
studied. | 

In Table 26 the average results have been grouped in two differ- 
ent ways; first, to show the growth of bacteria in a series of sam- 
ples produced under the three conditions and having different 
initial counts, when held at 4.4°, 10°, and 15.5° C. (40°, 50°, and 
60° F.), respectively; second, to show the growth of bacteria in 
each grade of milk when held at the same temperatures. In the 
lower part of the table are shown the average ratios of bacterial 
growth arranged to correspond to the counts in the upper portion. 
The ratios were obtained by dividing the count, after each succes- 
sive period of 24 hours, by the initial count. 

In the sample held at 4.4° C. (40° F.) there was a relatively 
small growth of bacteria during the period of 96 hours. A most in- 
teresting effect of temperature on the growth of bacteria is shown 
by the samples of milk produced under the third condition and held 
at 10° C. (50° F.). It will be seen that when milk with an average 
count of 4,295 was held for 72 hours, the average count was but 
little higher than that of milk with an original count of 136,553 
per cubic centimeter held 24 hours at the same temperature. <A 
similar condition was found also among samples of low-count milk 
held 48 hours at 15.5° C. (60° F.), which showed a count of ap- 
proximately 33,000,000 bacteria, while high-count milk reached ap- 
proximately 24,000,000 in 24 hours. At the end of 96 hours the 
bacterial growth reaches a point where the counts are so high as 
to be approximately the same for all grades cf milk. 

It is evident that the development of bacteria in different grades 
of milk at 10° C. (50° F.) has a direct practical bearing. For ex- 
ample, if milk were produced on a farm under conditions? which 
when fresh averaged approximately 4,000 bacteria per cubic centi- 


meter, when held at 10° C. (50° F.) for 48 hours it would contain 
an average of approximately 127,000. If milk were produced under 


1 Morning’s milk. 


mm. 
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condition 8, which when fresh averaged approximately 136,000 
bacteria per cubic centimeter, when held for 48 hours at 10° C. 
(50° F.) its average count would be approximately 13,000,000. The 
difference in count would be of great importance if an attempt were 
being made to market a milk of low bacterial content. 


Tape 20.—Growth of bacteria in milk produced under condition 1 when held 
Cte 4 lO, ond to.o. ©. (0, 50>, and 60° F:). 


Sample No. 


Temper- 
ature. 


4.4°C, 
(40° F.), - 


24 hours. 48 hours. 72 hours. 
2, 500 3, 300 14, 400 
7,700 7, 300 8, 900 
3,700 3, 800 4, 100 
7, 100 6, 200 4, 100 
5, 900 5, 300 4, 200 
3, 300 2,900 11, 600 
5, 300 TES) th eee a ee ene 
AGO, |aese. ae 3, 400 
ie (it ROI EY acre 11, 400 11, 800 
4, 100 3, 900 5, 400 
7,400 5, 300 10, 100 
3,500 4,700 9, 300 
4, 300 4,800 5, 200 
2,300 2,500 3, 800 
3, 800 6, 900 40, 500 
2, 400 2, 300 2, 200 
2, 600 BuO ulcer asec 
A TOO? |e ose ee: 6, 100 
OSS pan 1, 600 2,500 
2,700 2, 300 4,100 
4, 138 4, 566 8, 427 
6, 400 8, 200 4, 500, 000 
14, 400 55, 600 3, 760, 000 
5, 800 26, 000 570, 000 
8, 900 35, 000 260, 000 
10, 800 33, 000 8,700, 000 
6, 100 510, 000 6, 400, 000 
5, 100 DONO ey eee 
AETOO: Wet ete oe. 180, 000 
Aa ER Pea EVENT 28,000 90, 000 
5,900 18, 500 1, 440, 000 
8, 100 7, 200 5, 100, 000 
41, 200 900, 000 39, 000, 000 
20, 200 205, 000 1, 260, 000 
18, 200 71, 000 1, 150, 000 
65, 000 280, 000 31, 000, 000 
5, 200 13, 600 190,000 
12,700 AO OOO eens ON 
GMA00 see ees 190, 000 
Eade 28, 000 95, 000 
6, 200 16, 000 170, 000 
13, 961 127,727 5,725, 277 
1,250,000 | 74,000, 000 265, 000, 000 
1, 300, 000 42, 500, 000 170, 000, 000 
160, 000 13, 200, 000 87, 000, 000 
156,000 | 20,600, 000 172, 000, 000 
10,200,000 | 31,800,000 | 1,550,000, 000 
1,010,000 | 28,200,000 |  .242, 000, 000 
310, 000 135900; 000M beets sae 
B5 S000 asst cee 74, 000, 000 
ENN 5, 800, 000 71, 000, 000 
270,000 | 14,800, 000 248, 000, 000 
1,220,000 | 63,000, 000 750, 000, 000 
1,580,000 | 85,000,000 | 1,640, 000, 000 
240,000 | 23, 100, 000 112, 000, 000 
74,000 |- 17,300, 060 22, 000, 000 
10,100,000 | 97, 100, 000 152, 000, 000 
102,000 | 24,900, 000 112, 000, 000 
11OKO0O' |) © 14% 50070001|: os 
TOS O00 ee hate 59, 000, 000 
TANS parol 7, 900, 000 64, 000, 000 
330,000 | 11,600, 000 87, 000, 000 
1,587,333 | 33,011,111 326, 500, 000 


Fresh. 


10° C. 
(50° F.). 
4 


a EEE SS EEE SS 


a 


96 hours. 


34, 800, 000 
96, 000, 000 
13, 300, 000 
19, 300, 000 
43, 500, 000 


95, 000, 000 
212, 000, 000 

14, 200, 000 

20, 200, 000 

55, 000, 000 

12, 200, 000 

1, 400, 000 

3, 600, 000 


39, 490, 625 
4, 240, 000, 000 


208, 000, 000 
1, 180, 000, 000 
2, 100, 000, 000 

149, 000, 000 

106, 000, 000 

152, 000, 000 


276, 000, 000 
1, 490, 000, 000 
2,040, 000, 000 

270, 000, 000 
157, 000, 000 
201, 000, 000 


962, 785,714 
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TABLE 21.—Ratio of bacterial growth in milk produced under condition 1 when 


held at 4.4°, 10° 


and 15.0. °C. (40>, 507 ‘and 60- F.). 


Sample No. 


IAVORALO tice ea te, 31 ee 


1 Bacterial count less than initial count. 


Nl l 
Tempe Fresh. | 24 hours. 48 hours. | 72 hours. | 96 hours. 
1 10 0 a ead Ghee 4.11 6. 02 
1 ee 1.05 1. 28 1.89 
1 1.08 | 1.09 1.20 1 
1 0 0 0 0 
1 1.25 | 1.12 0 3.40 
il 0 : 0 2ASilamaseeeeee 
1 One| Oo ilies a Joe 1.16 
1 1.27 | site pins neieate 1.03 2.30 
1 aes ee ae 1.21 125 2.23 
44°C. 1 1.05 | 1 1:38.) 5. ee ae 
(40°F.). 1 1.89 | i835) 2.58 4.66 
1 0 eae 2.21 5. 38 
1 0 1.02 1.10 1.38 
1 1.43 1.56 PEAY 1.46 
1 iy 2.02 11.91 32.05 
1 1.09 1.04 cD = Se es see 
1 0 J We Ks pete eee ae He! 
1 UO ee FV 4.35 1. 28 
1 Rel Nira eal 0 0 0 
1 1.28 1.09 | 1:95. See 
ce er fy Fa 1.25 1.21 2. 66 5.10 
1 1. 82 2.34 1, 285.7 9,942.8 
% 1 2.08 8.05 | 544.9 13, 913 
if 1.70 7.64 167.6 3,911.7 
1 1.20 4.72 35. 2, 608.1 
1 2.29 7.02 1,851 | 9, 255.3 
1 1.15 | 96.20%). 018382 | Jae eee 
1 0 SHOIG|- tL sees 917.8 
1 SADC! ie os tees | 54.5 | 166.6 
i ilis ea eh ecente 2.97 9.5 436 1 
10° © 1 1.51 4.74 | 3692) ral eRe oe ee 
(50° F.) 1 2.07 1. 84 1,307.6 24, 358.9 
1 9. 80 214.20 | 9,285.7 50, 476. 1 
1 4.29 43. 60 | 268 3,021.2 
1 11.37 44.39 |} 718.7 12, 625 
1 1.91 82. 30 9,117.6 16, 176.4 
1 2.36 6.18 SOs3ig linc seen 
1 4.37 PATA OTE esr ees 4, 206.8 
1 Tafa soe ee 135.7 1, 000 
ipl ees 2 ak ae 8. 23 27.9 1, 058. 8 
| 1 2.95 7.61 80.9 eee 
Se ees eee 3. 34 31.07 ; 1,464.7 9, 629.6 
1 Biel 21, 142.8 70, 714.2 |1,211, 428.5 
1 |= seg 4 6, 159;4. WN D463 7G. aera 
1 47 3,882.3 | 25, 588.2 61, 176.4 
1 21 2, 183.7 IBS PBL DP? 159, 459. 4 
1} 25 17052 6, 765.9 329, 787.2 446, 808.5 
1| 190.5 5,320.0 il ke ADs OGUS9q eee eee 
1 42.4 2, 589 Te Meno ee eee Be 20, 410.9 
1 165624 isi eae | 22, 424.2 32; 12189 
pI (ete ere 617 (6058.4. 16, 170.2 
sya (C 1 69. 2 3, 794.8 | 633589: | PEE eee 
(60° F.). it 312.8 16,153.8 | 192, 307.6 233, 333.3 
| 1 376.1 20, 238 390;,476: Lees). sees 
1 51 4,914.8 23, 829. 7 58, 723.4 
1 46.2 10, 812.5 13, 750 931, 250 
1 | 2,970.5 | 28,558.8 | 44,705.8 | 600,000 
1 AG:3. | 214 318.1 > 150/909:.2 jC ee ee 
1 37.9 5000S Plover eee 93, 103. 4 
1 RBs, Del site ee | 42,142.8 | 112, 142.8 
ee ees 2,323.5 | 18,823.5 59, 117.6 
1 Ub y/aal 5, 523. 8 41.428... || oon cai ee 
Oe. NO ae fot 398. 6 8,772.1 | 79,809.5 | 288,231.8 


we 
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TABLE 22.—Growth of bacteria in milk produced under condition 2 when held. 
at 44°, 10°, and 16.5° C. (40°, 50°, and 60° F.). 


Sample No. 


Average.... 


Temper- 
ature. 


4.4° C. 
(40° F.) 


10° C. 
7 (50° F.) 


Fresh. 


24 hours. 


240, 000 


111, 000 
79, 000 


68, 000 


Sstvenpo coos coats 


960, 000 


83, 000 


51,000 
321,000 
181, 000 


348, 000 
176, 000 
172,000 

5, 500 
43,000 
78, 000 
116, 000 


12, 800 
272, 000 


177, 437 


48 hours. 


300, 000 
970, 000 
20, 100 
35, 600 
448, 000 


121, 864 
270, 000 


1, 100, 000 
112, 000 
630, 000 
240, 000 


130,000 
1,080; 000 
340, 000 
740, 000 
11,000 
167, 000 
250, 000 


831, 615 


72 hours. 96 hours. 
NS OUR Se: Cie a 508, 000 
145 800i cee eeek eee 
ome ea tee Ae ON 35, 000 
254,000 660, 000 
540, 000 480, 000 
1,560,000 3, 050, 000 
ALOO000 ease ee 
37,000 26,000 
237 O00 s hearer eae 
SiN th eee Seats 15,300, 000 
98, 000 156,000 
470, 000 620, 000 
24,000 29, 000 
28° OOO Rae sateen ae 
See Biel en ES 4,100 
217,000 1,800, 000 
Perna eee tet 8 Rs 38, 000 
11 SOO; |e ee 
Pe BO oie lige els itn 32,000 
46,000 67,000 
0:05 OOO | tener etc 
355, 000 115,000 
TOG, OOO esses ses 
2, 700 2, 500 
14 5007 Woe a ater te 
eG SN Mee coed 220, 000 
587000) less. nosacee aes 
37,000 34,000 
17,500 13, 200 
19; 600s Aas eaes ewes 
Ree Ome es 4,500 
49,000 58, 000 
186, 245 1,056, 922 
Ns BROT a= Bel Se a! 8, 100, 000 
S30 E000 sn eae cree 
SS een Mee aaa ae ge 4, 400,000 
1, 700, 000° 6, 800, 000 
1, 400, 000 2, 800, 000 
5, 900, 000 24, 500, 000 
Sd0S0007 (See eee ee 
580, 000 20, 400, 000 
60608000 sas. eee 
Nee We Se Secs aes 82,000, 000 
800, 000 63, 000, 000 
2, 400, 000 5, 200, 000 
250, 000 8, 800, 000 
390, 000)| son. eae 
SLU A ead i ARSE eR 2, 900, 000 
9,100, C00 26, 700, 000 
Ati omen sac a Ney 4, 700, 000 
2970, COOH: cemas eee neene 
SAR CP are eM 900, 000 
250, 000 1,100, 000 
350, 000 380, 000 
4,600, 000 3, 900, 000 
S105 000) hesnaaeeceeeener 
_ 120,000 3, 600, 000 
1000" 000" eae ames 
SF TORE eR NWN 29, 600, 000 
570, 000 3, 900, 000 
430, 000 550, 000 
45,9000 3, 200, 000 
T20%0008 |e oe cee tee 
SS Peat ee a eas 220,000 
420, 000 1,300,000 
1, 761, 458 13,079, 166 
——————— 
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TABLE 22.—Growth of bacteria in milk produced under conditions 2 when held 
at 4.4°, 10°, and 15.5° C. (40°, 50°, and 60° F.)—Continued. 


Sample No. 


ee | 


Temper- 
ature. 


15-520. 4 
(60° F.) | 


Fresh. 


24 hours. 


OWS Bt 
Bexzse 
ss 


es 


Ss 
S 
Oo 


nett Opel) 


4,461,111 


48 hours. | 


96 hours. 


142, 000, 000 


830, 000, 000 
5, 500, 000, 000 


72 hours. 
3D: S00;0003| sco oa ee ee 
2 a i Re Ret 92, 000, 000 
9:'600;,000 5} 22-52 22 ie eee 
Beir pe Sg 390, 000, 000 
126, 000, 000 1,690, 000, 000 
112, 000, 000 3, 470, 000, 000 
366, 000, 000 2, 280,000, 000 
339, 000, 000 
53, 200, 000 108, 000, 000 
33, 400, 000 670,000, 000 
2 ? 
eee gah ee Ae 270, 000, 000 
190; 000, 000 210,000, 000 
22, 800, 000 1, 200, 000, 000 
226, 000, 000 560, 000, 000 
152; 000000 22 eo hat ee 
pee 2) 28h Se ae pees | 630, 000, 000 
ELS GOO 2000 [ance ae ee ea 
aes! 20s eeOwe eee etre 42,000, 000 
8 200000. a seen eee 
Se ase aay 180,000, 000 
12, 600, 000 190, 000, 000 
22, 000, 000 340, 000, 000 
61,000, 000 | 524, 000, 000 
34, 600,000 | 
9, 700, 000 45,000, 000 
19, 300, 000 520, 000, 000 
158, 000,000 
SE Oe. at eee 180, 000, 000 
84,000, 000 320, 000, 000 
19,500,000 | 140, 000, 000 
164, 000, 000 490, 000, 000 
E77, OOO5G00) |= eae esa 
emer, eee aEN 660, 000, 000 
99, 120, 000 


633,375,000 | 1,355, 650,000 


TABLE 23.—Ratio of bacterial growth in milk produced under condition 2 when 
held at 4.4°, 10°, 


Sample No. 


Temper- 


ee 


| 


~ =o 


and 15.5 


ature. 


l 


Fresh. 


UNG) eG ess SAO Se oO aScS seco oeeoesccc|Gosess-c 


C..(40° , 50°, and: GO" ES. 


Pk kk et ek ek pe ek ek ek ek et et et et et et et 


24hours.| 48hours. | 72hours. | 96 hours. 
lees L-/3 | sone ceeeaaee 47.9 
A ka| RE Ve oie Bes is ee eS 
eases 1h i See eee 2.5 
UBS ee cee acs 1.5 4 
ssEteer eee 1.5 2.2 2 
Sed) lecoancaceood 18.7 36.7 
3.6 4.6 G23 a1 Co cenee eee 
7.3 ‘le |Sconsctdccsa\Ssseases-<-- 
1.8 1 2.2 1.6 
2 1.8 1 7 epee “Wee S 
19 G2)) [owen eeeceane 221.7 
1G be Re Samcoscaae 1.5 2.4 
bweet sees Sarl 8.8 pO 7 
1833 1.9 270 3-2 
0 ds Lad eee eee 
1.9 D> NS eee 0 
| ee xt|/Saseeoeecoac 3-3 a 
}.1 ieee Se455qas- y 
A ee wicfaierstios 7) el BE 
hea ved Obs. seeee 2.9 
1 1) ee ce as evi 2.5 
swansea 2.0 236 es ee 
| 7.6 25. 4 24.3 7.8 
4 Ti CG Ree 
1.3 2: Ss ae ate cae een 
0 0 0 0 
1.9 2.9 LIONS oss coca 
Sie? BAO MS in theniccm ome 30.5 
229 Sa cecacc eae BRC) pesoetsscoc 
cencisbeece 2.2 122 ei L 
3358 2.9 2.8 22 
0 1.8 19} eae memeo see 
1.2 13a aceseeeoe-se 0 
2.5) Psa Se eelnonis 2 2.5 
| 2.4 3.8 4.4 22.1 
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TABLE 23.—Ratio of bacterial growth in milk produced under condition 2 when 
held at 4.4°, 10°, and 15.5° OC. (40°, 50°, and 60° F.)—Continued. 


Sample No. 


Temper- 
ature. 


Fresh. 


10°C. 
(50° F.) 


Fe fet ek ek ek ek et et et et et ee ee 


24 hours.| 48 hours. 
6.4 25.4 
UG HOH seis cices 
Eps eens aes 6.1 
US leteecien Sone 
apatetaera nares 3.8 
10.3 37.3 
ia NN 5.8 
7.9 9.8 
5 23.5 
2.6 3.8 
4.6 142 
CTE |p Spr ae nae 
Mee ae ha 20.7 
4.7 12.5 
2.2 39.1 
4.5 58.5 
E(t |e See oh 
52a 58.6 
QA ee seetcwace 
Bier ee ih eo: 
AAO al eeciee erence 
Ben aerate 4.3 
23.8 73.9 
8.9 17.2 
De, 9.4 
V7 3.4 
5.7 22.2 
10.8 34.7 
GWwiid amie eee 
Merge ee 6.7 
3.7 1.8 
4.6 4.1 
175 3.1 
PUSS S122 < ceeesiccecc 
6.7 24.3 
103.7 3,330.1 
DARI AS ARs ei 
Be rata 690. 6 
DONG Aes Ser eae 
ee 525 
bere NS 1,349.4 
110.7 5, 630. 7 
36.4 2,801.6 
186.6 3, 224.2 
36.7 1, 704 
128.9 2,942 
PRP OTA SS Bn ObS a SSE 
Saati ele 3, 584.9 
210.1 2,561.7 
397.5 14, 037.2 
585. 3 37, 073.1 
BOND ee Sec ee 
279 2,697.6 
BOSwOT Reser camacs 
oe aetna 759. 2 
SSeS ee saceee es 
Gave aA Ee 422.8 
417.8 1, 506.8 
898. 4 3, 096: 4 
66.6 443.5 
43.7 3, 031.2 
706.6 2,573.3 
298. 6 21,944. 4 
TISAG Slee es 
Sie aaa en ae 2, 709.6 
195 3, 196.7 
323.5 16, 078. 4 
392.8 21, 071.4 
OPA TO NSE SIE Ce ErS 
351 6,114.8 


1 Bacterial count less than initial count. 


72 hours. 96 hours. 
DF Gar No aie 764.1 
AQ i Tesla ers. eee 
Setersiclarsisisieteie 316. 5° 
10.3 41.2 
58.3 116.6 
71 295.1 
13 cia eee 
35.1 1, 236.3 
SUN al iy RRA cree 
ae eva ae 1,188.4 
12.1 954.5 
45.2 98.1 
28 988. 7 
QU Sle ey ese ee 
Risin inisiersinctoe 707.3 
140 410.7 
SAS oe ene 1,093.5 
ps0 eel eimeraeec eee 
BACs 83.3 
9.3 40.9 
IDL 1237 
315 267.1 
CW Nee Hi Pear Peale 2 
37.5 1,125 
2O3e5 a) esace ee eee 
eS es 4,111.1 
32.2 220.3 
13.8 L7G. 
0583 524.5 
OD ae ees umes 
eaye ene es arays ears 26.2 
18.2 56. 5 
86 612.3 
La rete 13, 396.2 
LD SOS. \ilaesalcers eae 
sh NPA leat tok 71, 223 
2,363.6 15s SiS 
7,041.6 CBS 
41,807.2 27,951.8 
35507659) |osastes eee 
6,545.4 83. 030.3 
B45 TRS AG [os oe nee 
4,090.9 14, 848. 4 
S596 2820 lias eee 
134, 831.3 232, 584. 2 
BAS 782560 lon. eae 
iS ae Ta 202, 439 
9, 692. 3 84, 615.3 
BSE ee 31, 395.3 
Me SOO Nes ace eee 
Chet ees a 118, 518.5 
6, 691.4 49, 814.1 
6,375.8 32, 550.3 
23, 287.6 25, 753.4 
265 598-9 i|ocse cee eee 
14,062.5 | 215,625 
695333 83% lame se eee 
10, 196. 4 68, 361.5 
10, 322.5 19, 354.8 
22,950. 8 127, 868. 8 
ASK039105|sace oes 
eon ee 40, 476.2 
28, 695.6 69, 130. 4 
24, 990. 1 73, 920. 8 
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TaBLE 24.—Growth of bacteria in milk produced under condition 3 when held at 4.4°, 


10°, and 15.5° C. (40°, 50° ana 60° F-), 


Sample No. 


Temper- 
ature. 


4.4°C. 
(40° F.) 


Fresh. 


| 136,533 


149, 000 


136, 533 


: 


24 hours. 


SRNSERERS eB 
22g2e2eeees 


SSN 
a8 00 


eee 


72 hours. 


96 hours. 


83s 
835 


BS 


oS 


Bs 


seeeeE 


Set el eet el ee) 


BS 
888 


S88 


Ss 


a 


S§ 


a 
zee 


48 hours. 
354, 000 386, 000 
15, 600 63, 000 
41, 000 60, 000 
E008 Nia ie 
Se oe ee 13, 600 
165, 000 620, 000 
790, 000 1, 020, 000 
252, 000 
2, 700, 000 3, 550, 000 
720, 000 910, 000 
266, 000 407, 000 
256; OOO. a= con ee ee 
208, 000 480, 000 
82, 000 51, 000 
32, 000 24, 000 
26, 000 41,000 
3S; 000 123. 2 eee 
Fatt an 35, 000 
295, 000 540, 000 
510, 000 530, 000 
300,;000;).. er EEL 
3, 900, 000 4, 200, 000 
1, 450, 000 1, 720, 000 
246, 000 244, 000 
1625000 2 eee ee ee 
98, 000 86, 000 
538, 775 | 749, 030- 
1, 770, 000 7, 900, 000 
510, 000 126, 000 
2, 080, 000 34, 800, 000 
290; 000 cae icen aed 
i eee 11, 700, 000 
9, 600, 000 31, 200, 000 
29, 600, 000 45, 000, 000 
16, S00; 000 tee eee ee 
53, 000, 000 65, 000, 000 
35, 600, 000 31, 000, 000 
14, 300, 000 26, 300, 000 
5 400,000 Bcc ecce see ane 
sic) ee 20, 100, 000 
9, 500, 000 24, 200, 000 
27, 500, 000 20, 100, 000 
260, 000 220, 000 
35, 000 55, 000 
490, 000 8, 900, 000 
2 0800000). ce8 Benen 
a) Ne 19, 300, 000 
13, 900, 000 45, 000, 000 
27, 000, 000 28, 800, 000 
5, 700, 
42, 000, 000 68, 000, 000 
24, 700, 000 33, 600, 000 
9, 100, 000 25, 200, 000 
220) 000). ce. ae ope eee 
be 18, 800, 000 
4, 630, 000 26, 700, 000 
17, 400, 000 22, 700, 000 


1, 060, 000 


1, 170, 546 


13, 662, 115 


i 


- 25,687, 541 


ee 


a 
= 
8 
= 
SS 
lw 


ig 
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TABLE 24.—Growth of bacteria in milk produced under condition 3 when held 
at 4.4°, 10°, and 15.5° C. (40°, 50°, and 60° F.)—Continued. 


Sample No. 


Temper- 
ature. 


15.5° C. 


(60° F.). 


Fresh. 


149, 000 


186, 000 
128, 000 


136, 533 


24 hours. 


17, 800, 000 
2) 900, 000 
76, 000, 000 


32, 300, 000 
22, 600, 000 
16, 200, 000 
46, 000, 000 
11, 300, 000 
19, 400, 000 
9, 700, 000 


67, 000, 000 
1, 600, 000 
510, 000 

11, 600, 000 
88, 000, 000 
5, 500, 000 
72, 000, 000 
11, 900, 000 
11, 550, 000 
21, 600, 000 
28, 400, 000 
24, 400, 000 
7, 100, 000 

~ 8,300, 000 


52, 000, 000 


24, 673, 571 


48 hours. 72 hours. 
410,000,000 | .2, 430, 000,000 
218, 000, 000 160, 000, 000 
1,060,000,000 | 1,540,000, 000 
Doo OOOSO00s Beene ane secs: 
CRUE SS ct 1, 110, 000, 000 
125, 000, 000 910, 000, 000 
198,000,000 | 1,650,000, 000 
145, 000, 000 
165,000,000 | 1,060,000, 000 
128, 000, 000 190, 000, 000 
147, 000, 000 210, 000, 000 
12650005 000 esc 2s oe 
ines ee sate Sete ne IGT 1, 160, 000, 000 
460,000,000 | 1,720,000, 000 
4, 200, 000,000 | 6,900, 000, 000 
1, 440,000,000 | 1, 280, 000, 000 
1,050, 000,000 | 3,000, 000, 000 
580,000,000 | 8, 400, 000, 000 
AE SOO O00% 000) ae eee 
Sie, b Cea Se 4, 400, 000, 000 
411,000,000 | 4,990, 000, 000 
373,000,000 | 3, 140,000, 000 
310, 000, 000 
344, 000, 000 790, 000, 000 
362, 000, 000 730, 000, 000 
243, 000, 000 340, 000, 000 
SCAOOOR O00 Geese 
Sie che eee sonnel L89705000;,000 
730, 000,000 | 8, 400, 000, 000 
2, 270,000,000 | 1,380,000, 000 
639, 884,615 | 2,407,083, 333 


96 hours. 


10, 400, 000, 000 
1, 640, 000, 000 
2, 230, 000, 000 


1, 590, 000, 000 
1, 430, 000, 000 


1, 260, 000, 000 
8, 300, 000, 000 
4,400, 000, 000 
9, 100, 000, 000 


2, 190, 000, 000 
1, 750, 000, 000 
5, 400, 000, 000 


12, 500, 000, 000 
21, 600, 000, 000 


3, 900, 000, 000 
4, 600, 000. 000 
2, 410, 000, 000 


1, 540, 000, 000 


5, 346, 666, 666 


held at 4.4°, 10°, and 15.5° C., 40°, 50°, and 60° F. 


TABLE 25.—Ratio of bacterial growth in milk produced under condition 3 when 


Sample No. 


Temper- 
ature. 


4.4°C. 
(40° F.) 


Fresh. 


Fh fe eh fed ee ek ek eh pk ek ek kk fe et tt ft ft ft ft et ft et ft et et 


24 
hours. 


x 
Oo 


J 
wo 


04 


48 72 96 
hours. hours. hours. 
Yd, BY 2. 59 4.16 
1. 69 6. 84 1.03 
1, 82 25.068 No55 joe 
Bite Oa lees is epee Sakae 21. 40 
papa Woven eee ee 2 2.79 
2. 01 75. 60 118. 20 
6. 86 85860 |2e ae 
1 eA Eee) (Lu Sper i RON 
12. 50 16. 40 17. 70 
3. 56 4. 50 13. 30 
0 POOR is aad ae 
DING AOS Ess eens a 1.16 
vn age pe rice | ira rai pea ole a irre oe 1. 47 
0 1. 87 1.79 
1. 49 0 1.92 
7. 80 5. 85 1. 26 
1. 43 DE 26M pS eas eraee 
BR Oh eRe aoe 4.64 
eS Ga cs hoe 2. 82 5. 48 
152 2.79 3.08 
3. 01 Seal Sule os eters? 
D LAP: OA terete bers Opn auc rate ol Nee 
24. 50 26. 40 30. 10 
6. 30 7.47 6. 78 
0 ORS eae sees ae 
Ones eee 2 1.16 
RO er ee ICES | See eae ee 1.09 
0 0 Lay 
4.62 10. 19 11.99 


1 Bacterial count less than initial count. 
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TaBLe 25.—Ratio of bacterial growth in milk produced under condition 3 when 
held at 4.4°, 10°, and 15.5° C. (40°, 50°, and 60° F.)—Continued. 


~ Temper- 24 48 72 96 
Sample No. ature Fresh. hours. hours. hours. hours. 

|. Se ee ee See 1 2.5 11.8 53.0 322.1 
2: -. Eee oc ee ee 1 4 55. 4 13.6 391.3 
ee: emer ee RE eS ee 1 4.7 92.4 1, 5346:6 1: 225ssis cae 
4h... SSS Ne Si ss PEE oc ee 1 6 ri Sy (8 eee he 1,365 
Bo cose bee, So SEE EE a Se 1 Losi Spee soe see 1,720.5 5,794.1 
Gs sas Og 3 ee RSS oe ce 3 ee 1 187.8 1,170.7 3, 804. 8 95512>1 
Lets. Josande settee! SA See ea 1 27.6 257.6 SOG fscsssarsee 
But aah ss a Res Ue hs oe ae) ee 1 cD 5 bea ee eee 
Oey ENA Gen 5. SEARS SEAR BSE EE . 5 ERR 1 11.1 245.3 300. 9 444.4 
A Saye Sok SE SSR Se ee 1 “3 176.2 153. 4 167.8 
Tis. 55 58s as See es. eee 1 12.6 43 29.2) Nese odssceee 
By Beets sa eS Se cee 1 4.3 20: 4 fee eee 159 
i ate ASA 3s = SURES SE OMe ee bo ok ss 1 BoM teasenewsecee 96.1 154 
04. oe a SER ees A i eee 53.9 137.5 207.3 | 
1) Sy Ce LEE 10° C. 1 7.9 107. 4 78.5 60.9 
162. 2 Senses ts ee Po (50° F.) 1 0 4.7 a 334.5 
ly ee rte te oe te eee ee = 1 1 0 13. 4 136.5 
18 ou ut ose hee a eee 1 2.3 27 491.7 | ocsesesc so 
AQ. hers Boe es Sess e eke Sls eee 1 4.5 182.4 |sceee ees 5, 087.7 
DO: Saas 12 SERRE See oe Aaa ee 1 sy ee cSonsensse 1,556. 4 4,274.1 
DAS ee = | SIE SER FS SERS 1 6.3 i 233. 1 393.7 
ODES Micra SERRE a OO oe NL eee 1 3.6 159. 7 110: 4 \2scssecscee- i 
De Penis a ae SS ee BO aes eae 1 2.6 254 |se-sceet soee|osss es eee 
DA eek Sut dss SSA F5RE ARES ct 1 16.9 264.1 427.6 691.8 
RE iek oS, ate kN Fe 5 ORs SM ot ee 1 9.4 107.3 146 15t-7 
Mesa als ae Seas SURG SONGS A eee 1 4.5 34.3 95.2 jescadsoeoeee 
Di abe Se Bees aa dne Oe 1 | 3.3 1654 |socces 2. -=: 245.8 
De Stee. Sars est SPSS SASS SS te Eee ates i ll ie IG Sep eeso sso 119.7 246.4 
epee eek oes Fra see Fe oe 7 SS SEE pil Pee se 24.8 143.5 125.8 
Oe see sas. Se Saas Fae Sees Lt. oe 1 8.2 135.9 177.3 205. 4 

Any eTage 2225 Soa6 Seo. Se SSR SS 2 Ie eee 14.6 137.9 498. 1 1,385. 1 
Ae Ae Reset ce 1| 119.4 2,751.6 1° 16,308. 7].2 ae eee 
Pe irk eRe Pee an ee ae eee eS iby 315.2 23, 695. 6 tI Past) ies lee ee Dee a oe 
Des eae Ser oe 5 Se eee aeee ie ea pay yf 47,111.1 68444, 4 | ==. oe ces 
Ae eb SR ob a Base se Ae Ua eee 1 | 746 AOS 416. AAs ea ee 1, 650, 793. 6 
eee sor eee. ae ea See Se See 5 Te Res Gg 1 7 eee see Be 163, 235. 2 241,176.4 
Gees ae tenets ee 2 NEE eee kee 1} 3,939 15, 243.9 | 110,975.6 271,951. 2 
Me Ss Se eee ae toceetes ss Sees soee ee i! 196.5 1,721.7 Dt: Yao meee nse: co 
Gee os ade Se tae osm fb Ooo cee il 78. 2 10034 lions oe] eee 
eee a eee at es ees 1 212.9 763. 8 4,907.4 7,361. 1 
Hi Rear ee = 35 eke. ope) PS 1 55.9 633.6 940.5 7, 079. 2 
De ae ees ee i oe ee 1 58.5 442.7 632.5 {sochecersess 
5 a ee ae = ae eee ae te oe 1 45.1 586. |essscceeseee 5, 860. 4 
1S ee eee ee ae 3, See eee eee 1 AS Sa tsc ea eae 5,550 2 39, 712.9 
We So Sas See tee ee AL ees ee 1 ese 2,613.6 9,772.7 25,000 . 
i CA SS Ae Soa a eee 15.5°C. |! 1 261.7 16, 406. 2 26, 953. 1 35, 546. 8 
BGR. . a Aa eee 2a Me A see (60° F 1 26,181.8 Do DIDSA NCS eee 1 
ie a en te eae 1 124..3°)) 256,097. 5 | 273k, F013) eee 
SEIS Se oe 2. See Oe ee a 1 640.8 |. 32,044.4 } $464,088. 37].3 2 
1G iene a ee ee 2 Uo SS See see De 77712 eAlS i COs oe tea oe eee 192, 105. 2 
eee ee ste ote See Se ee ee 1 445. 5 poco S 354, 838. 7 141,129 
PA etre Beeb: oe SE See 1 373 2,129.5 25, 388. 6 27, 979.2 
0 eae a nee Re 2) Sean TB 1 70. 4 ae a ee 2 ny al ee EL 
25 De TE Tena Ge, SPER bE 1 55 4476.4 |osnandes< 322] eee 
Bite See ee |S ean ee ae 1 135. 8 2,163.5 4,968.5 78, 616.3 
Ai Merah saree Naned Rare Seats Sate ey et OLE 1 123. 4 1,573.9 3,173.9 93,913 
BD cigs Sein Me en ne een eee 1 92 916.9 p12 Wee epee oe, - 
DAS ao So a ees = eek be ee 1 42.2 517. 8 fee e sere 23, 214. 2 
7) Se pe ee: SEA SF ta ty get nti Sate 1 B28. ado ee 12, 547.7 29, 299. 3 
2 E Se ee er ren aay SPL per eee eee re | jh eee See 3,924. 7 45, 161.2 12,956. 9 
OSes oe eC 1| 406.2) 17,734.23) 40;78E2 | 324882 

Average: 220222. t ee ee ee lee 759.9 | 25,308 61, 527. 2 160, 873.6 
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TABLE 26.—Summary of results shown in Tables 20 to 25 inclusive. 


AVERAGE NUMBER OF BACTERIA. 


Temperature. Condi-| Fresh. 24 hours. 48 hours. 72 hours. 96 hours. 

SECTION 1. 1 4,295 4,138 4, 566 8, 427 19, 693 
Bech aea tae en 2 39, 082 88, 028 121} 864 186, 245 1,056, 922 
: 3 136, 533 281, 646 538, 775 749, 030 ” $52) 835 
1 4 295 13,961 127,727 5, 725, 277 39, 490, 625 
DOs entry seta cactaicie 2 39, 082 177, 437 831, 615 1 761, 458 13, 079, 166 
- 3 136, 533 1, 170, 546 13, 662,115 25, 687, 541 41, 207, 272 
1 4,295 | 1, 587, 333 33,011,111 326, 500, 000 962,785,714 
OOig tie eet roe SS ae 2 39, 082 4 461, 111 99, 120, 000 633, 375, 000 | 1, 355, 650, 000 
3 136, 533 24° 673, 571 639, 884, 615 | 2, 407, 083; 333 5, 346, 666, 666 

SECTION 2 
GAUJO-1 DRE ON aot ee ener 4,295 4,138 4,566 8, 247 19, 693 
BO SERY Ce Sah. Lee eg ae a. 1 4,295 13, 961 127, 727 5, 725, 277 39, 490, 625 
GO) ees tee oS te ces 4,295 als 587, 333 33, 011, 111 326, 500, 000 962, 785, 714 
CAEL ee Es oes Seen Se 39, 082 88, 028 121, 864 186, 245 1,056, 922 
UPI) 3s Cues Sac sue alee 2 39, 082 177, 437 831, 615 ils 731, 875 13, 097; 166 
GO Seth eins aes ena 39, 082 4, 461, 111 99, 120, 000 633, 375, 000 | 1, 355, 650, 000 
RD eae eae 136, 533 281, 646 538,775 749,030 852, 835 
B\O Gl aie Beeler 3 136, 533 1, 170, 546 13, 662, 115 25, 687, 541 41, 207, 272 
OOS ee aces nek bob 2 136, 533 24° 673, 571 639, 884, 615 | 2,407, 083; 333 | 5, 346, 666, 666 

RATIO OF GROWTH. 

1 1 1. 25 1. 21 2. 66 5.10 
ASD peat ro crates oe oats 2 1 2. 40 3. 80 4. 40 22.10 
3 1 2.47 4, 62 10. 19 11. 99 
fe 1 3.34 31.07 1, 464. 70 9, 629. 60 
DO ap ly apepsen pe errainke es PAS 2 1 6. 70 24. 30 86. 00 "612. 30 
3 1 14. 68 137. 94 498. 06 1,385. 06 
1 1 398. 60 8, 772. 10 79, 809. 50 288, 231. 80 
GOSH: 5 tas ae ges a tS 2 1 351. 00 6, 114. 80 24° 990. 10 73. 920. 80 
= ; 3 1 759. 90 25, 308. 00 61, 527. 20 160, 873. 60 
1D agp Aa a a tag 1 1. 25 1. 21 2. 66 5.10 
EO; 10 Sears soem 1 1 3. 34 31.07 1,464. 70 9, 629. 60 
OPE ie Sasa a ese 1 398. 60 8,772. 10 79, 809. 50 288, 231. 80 
AOR SRa ds PRESSES 1 2.40 3. 80 e 4. 40 22.10 
OR ee See ee ene 2 1 6. 70 24. 20 86. 00 612.30 
GGade et >. 1 eS. 5. 1 351. 00 6,114. 80 24, 990. 10 73, 920. 80 
AURA a eescisce ces come 1 2. 47 4. 62 10. 19 11. 99 
Ep ee vee ste coe BS oh pa 3 1 14. 68 137. 94 498. 06 1,385. 06 
CW Sob... PS bene 1 759: 90 25, 308. 00 61,527. 20 160, 873. 60 


The effect of low temperature on the bacterial growth in any one of 
the grades of milk demands special attention. 


From section 2 of 


‘Table 26, it is evident that even if milk when fresh shows a low 


bacterial count the number of bacteria will be high if it is held at a 
high temperature. For example, milk with an average count of ap- 
proximately 4,000 when held 24 hours at 4.4° C. (40° F.) showed ap- 
proximately the same count. At 10° C. (50° F.) the count was about 
13,000, while at 15.5° C. (60° F.) the average was about 1,500,000. 
The ESulis show in every case the great value of holding ‘ile at 10° 
C. (50° Hs) rather than -15.5° C, (60°. F.) 

te is realized that night’s milk is generally held on the farm for 
periods of from 12 to 15 hours before delivery; it is, therefore, im- 
portant to know what bacterial increase will occur in milk held about 
that period of time. In order to obtain data on the subject, samples 
of milk produced under clean conditions in sterilized utensils and also 
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samples of milk produced under dirty conditions were held at 15.5° C. 
(60° F.) and 21.1° C. (70° F.) and examined when fresh, and after 
12, 24, and 48 hours. 

From Table 27 it will be seen that 16 samples of milk pro- 
duced under clean conditions in sterilized utensils when fresh 
averaged 3,243 bacteria per cubic centimeter. After 12 hours at 
15.5° C. (60° F.) the average count was 4,056 and at 21.1° C. 
(70° F.) 19,312 bacteria per cubic centimeter. This shows an 
advantage of holding at the lower temperature which is more valuable 
when the milk is held for 24 hours, as the average count was then 
123,562 when held at 15.5° C. (60° F.) and 10,006,875 -when held at | 
91.1° C. (70° F.). After 48 hours the average count at both temper- 
atures was high, but the milk held at 15.5° C. (60° F.) was much 
~ lower. 

The samples of milk produced under dirty conditions in unsterilized 
utensils ranged from 10,900 to 2,210,000 when fresh and averaged 


707,761 bacteria per cubic centimeter. This high initial average count 
increased to 3,876,961 after 12 hours at 15.5° C. (60° F.) and te 
6,608,846 after 12 hours at 21.1° C. (70° F.). The counts were, of 
course, very high at later periods at both temperatures. 
TABLE 27.—Growth of bacteria in milk when held at 15.5° C.° (60° F.) and 
QEAZACLM AOC AR'S,- 
MILK PRODUCED UNDER CLEAN CONDITIONS IN STERILIZED UTENSILS. 
Held at 15.5° C. (60° F.) for— Held at 21.1° C. (70° F.) for— 
SampleNo.| Fresh. 
12hours. | 24hours. | 48 hours. 12 hours. 24 hours. 48 hours. 

‘eae aoa 1,800} 4 2,300 48,000 | 13, 200, 000 8,100 | 4,100,000 | 1,290,000, 000 
Sy Aaa, 1; 900 2000 56,000 | 16,500,000 | 23,100 | 26, 200, 000 |” 860, 000; 000 
ce el a 1,700 1, 100 55,000 | 38,000,000 | 13,600 | 23, 700, 000 | 2, 410, 000, 000 
Gale ep 3,100 1, 800 SALOU see 29,100 | 12,400,000 |... -......-._. 
Fete ek 11, 200 7,300 83,000 | 41,000,000 | 14,700 | — 4; 700, 000 | 1,340, 000, 000 
pee oes 7,900 8, 700 51,000 | 57,000,000} 37,000 | _ 8,200,000 | 1,810, 000, 000 ‘ 
[oe meee 1, 800 2; 100 78,000 |. 12, 900, 000 2,300 | 510,000 | * 81,000, 000 
Soe eel 700 1,700 28,000 | 4,800, 000 6, 1,880,000 | _ 82,000,000 
ore See 5,600 1; 900 23,000 | 20,100,000 | 25,200 | _5, 400,000 | 2,980; 000; 000 
Ta oe 1, 100 3,100 74,000 | 42,000,000 19,500 | 30,600,000 | ” 128,000,000 
ie AO 3, 400 100 38,000 | 14,100,000} 13,200 | 10,200,000 | 960, 000, 000 
er ae 1400 12 e018, 300 lias ~ S10), O00 tie aie 58,000 | 5,700,000 |......-...-.-. 
ee Abe Cae 3,100 2,200} 60,000 | 18,100,000 4,100 | 4,100,000 | 1,390, 000, 000 
[ae nis 1; 200 2,000} 261,000} 46,000,000 | 32,500 | 4, 920, 000 | 6, 400, 000, 000 
6a B84 3, 800 3,000} 112,000} 16,600, 000 5,800 | _ 6,000,000 | 6, 460, 000, 000 
‘Seamer Se 2; 200 2,300} 532140 O00) | eg tea. 16,000 | 11,500,000 |... -.222...... 

Average. 3,243 4,056 | 123,562 | 26, 176, 923 19,312 | 10,006,875 | 2,014, 692, 307 

MILK PRODUCED UNDER DIRTY CONDITIONS IN UNSTERILIZED UTENSILS. 
| I Sy Mie fd 10, 900 15,500 | USD OOS eee epee 58,.000°| “49, 000,000 |= = a ante 
2s i | 1,520,000 | 8,600,000 | 148,000,000 | 169,000,000 12,800,000 | 460; 000; 000 | 1, 780, 600, 000 
ie akin 1,880,000 | 8,700,000 | 154,000,000 | 840,000,000 17,600,000 | 960,000,000 | 7; 500; 000, 000 
6 ts | 1,020,000 | 5,400,000 | 22' 900,000 | 1,180;,000,000 | 8,200,000 | 630,000,000 |" ” 460,000,000 - 
op aa etcne: | 2;210,000 | 11,700,000 | 81,000,000 |” 28,000,000 | 13, 700,000 | 149,000,000 | 620, 000, 000 
bo 1,810,000 | 1,930,000 | 68,000,000 | 164,000,000 | 6,100,000 | 75,000,000 | 540,000,000 
jest a 330,000 | 4; 200,000 | 10,300,000} 113,000,000 | 10,200,000 | 37,000, 000 | 1,360,000,000 ~* 
fee 159,000 | 1,210,000 | 22'600;000 | 110,000,000 | 2'830,000 |............. 350, 000, 000 
on A Be 96,000 | 1,310,000 | 29,400,000 |............... | 10, 400, 000 | 114,000,000 |.............. 
Ws en Ss 37,000 | 560,0000 | 43,800,000 | 212,000,000 2;360,000 | 26,000,000 | 1,840,000, 000 
i a 18,000} 180,000 | 47,200,000 | 100,000,000 |. 1,370,000 | 96,000, 000 | 1; 500, 000, 000 
Rie Sar oe 12,000} 24,000} 1,480,000} 45,000,000 |” 99,000 | 32,000, 000 | 2,080, 000, 000 
ig ee 28, 000 71,000 |- 2,300,000 |............,.- 198,000 | 35,000,000 |.............. 

Average. 707,761 | 3,376,961 | 48,550,923 | 296, 100, 000 | 6,608, 846 | 221, 916,666 | 1,853, 000,000 
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The ratio of growth of bacteria in Table 28 shows an interesting 
point. The ratios were determined as previously explained in this 


publication (p. 46). It will be noted that there was a higher ratio 


of growth in milk produced under dirty conditions in unsterilized 
utensils than in samples of milk produced under clean conditions in 
sterilized utensils. This seemed to be true when milk was held at 
ia? ©. (60° F:) tor 12 and 24 hours. -At 21.1° C. (70° F.) the: 
statement holds true only for the first 12 hours. From that and 
other observations it seems evident that the bacteria which are intro- 
duced from unsterilizea utensils grow faster at temperatures near 
15.5° C. (60° F.) than those in a low-count milk produced in steril- 
ized utensils. 

The results obtained by holding milk at 15.5° C. (60° F.) and 21.1° 
C. (70° F.) for various periods of time, show the advantage of the 


lower temperature and farther give data on the bacterial increase 


which will take place at those temperatures when both low and high 
count milk are held for varying periods of time. 

The effect of temperature on the growth of bacteria in milk during 
storage and transportation is a matter of very great importance. It 
is evident from the previous results that if a low-count milk is de- 
sired it must be cooled and held at 10° C. (50° F.) or lower on the 
farm, unless it is delivered immediately after each milking. There- 
fore, for the production, in a broad sense of the term, of milk of low 
bacterial content a fourth factor, proper refrigeration, must be added 
to the three factors previously discussed. 


TABLE 28.—Ratio of grewth of bacteria in milk when held at 15.5° C. (60°. F.) 
Gnd Ql C= (70-28...) 


MILK PRODUCED UNDER CLEAN CONDITIONS IN STERILIZED UTENSILS. 


Ges Held at 15.5° C. (60° F.) for— Held at 21.1° C. (70° F.) for— 
Sample No. ao 
12 hours.}| 24 hours. 48 hours. | 12hours.} 24 hours. 48 hours. 

fier ha sie, mxke Ge. 1 1.27 26.6 7, 333.3 4.5 2,277.7 716, 666.6 
Ds as ere ear ie, aaa 1 1.05 29.4 8, 684 2 1291") 2 13,7894 452, 631.5 
Gi. 1, SNe ape ae 1 0 32.3 22, 352.9 8 13, 941.1] 1,417,647 
7 SS Se cage Nee ee 1 0 se eal ene ei 9.3 4; 000). \: || eae ee 
ae ple RRM carl cre gh 1 0 7.4 36, 607.1 1.3 419.6 119, 642.8 
Oo, Sigs, eel el ae 1 1.07 76:4 7,215.1 4.6 1,037.9 229, 113.9 
TEE hey SI eae, a i oe re 1 1.16 43.3 7,166.6 Je 52, 283.3 45, 000 
OAS as uneadoe aaa eee 1 2.43 40 6, 428.5 OS 2, 685. 7 115, 714.2 
O Meat een eae or se we Fe 1 0 4.1 3, 589. 2 4.5 964. 2 532, 142.8 
Ds SSSee ea Ee een 1 2.81 67.2 38, 181.8 WGC 27, 818.1 116, 363.6 
ibe seed Gat 8 see 1 1.50 11.1 4,147 3.8 3, 000 282, 352.9 
LID cas ai eer Ts aha gee 1] 13.07 By tea | ese te eae 41.4 AO TEAS eae eae cers ae 
(ee ee eee 1 0 19.3 5, 838.7 1.3 1, 322.5 448, 387 
eee oe Se Rates Searels may ie] 1.66 217.5 38, 333. 3 27.1 4,100 533, 333.3 
Os Bre cee Da eee eee 1 0 29.4 4,368.4 1.5 1,578.9 | 1,700, 000 
LU cecs Seta eee 1 1.04 GOSS ss en eee Ula? PSII a7 eee a eee 

AS oreo is pn Sea + 1.69 74.76 14, 634.3 | 9:7 | 5,407.3 885, 307.3 
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TABLE 28.—Ratio of growth of bacteria in milk when held at 15.5° CG. (60° F.) 
and 21.1° C. (70° F.)—Continued. 


MILK PRODUCED UNDER DIRTY CONDITIONS IN UNSTERILIZED UTENSILS. 


ja Se ae a See es 1 1.4 1656. [Sateen a. Geet 5.3 A 495. dnl se, eee 
riga tee uareeee ets Be 2 1 5.6 97.3 1,111.8 8.4 302. 6 11, 710.5 
5. ee oR ei tela 3 1 4.5 81.9 446.8 9.3 510.6 3, 989.3 
o> SEA ere a 1 4.9 21 1,082.5 7.5 577.9 422 
ee ek eh eae: Senate, 1 5.3 36.6 12.6 6.2 67.4 280.5 
61343 Be a Ee 1 1 37.5 90. 6 3.4 41.4 298.3 
y PO Spree ent 6 does SE 1 io 3102 342.4 30.9 112.1 5, 636.3 
Sri fk eee 1 7.6 142.1 691.8 WTA entecbecee 2,201.2 
Ott; seed ae 1 13.6 136545 |eeae ee eee 108.3 1 18705. eee 
iis Ws Seemeocs eaes gs Be 1 15.1 1, 183.7 5, 729.7 63.7 702.7 49, 729.7 
GRO ae Peis ke aca 1 10 2, 622.2 5, 555 76.1 5, 333.3 83, 333.3 
1D apeh aT oe ee 1 2 123.3 3, 750 8.2 2, 666. 6 173, 333.3 
(Praha Leena a oat 1 2.5 SOFA. oe Sane Tiel 250 S| ene ee 

Average. | 25. ee serlaes eee | 5.7 354.7 1,881.3 27 | 1, 437.3 | 33, 093. 4 

SUMMARY. 


1. Milk of low bacterial content and practically free from visible 
dirt, when fresh, was produced in an experimental barn under condi- 
tions similar to those on the average low-grade farm. | 

2. Three simple factors were necessary for the production of milk 
with a low bacterial content, namely, sterilized utensils, clean cows 
with clean udders and teats, and the small-top pail. A fourth factor, 
holding the milk at a temperature near 10° C. (50° F.) or lower, is 
necessary in order to keep the bacterial content low. 

3. The average count of 65 samples of fresh milk produced by the 
aid of the three factors, except that the udders and teats were not 
washed, was 4,524 bacteria per cubic centimeter. The average count 
of milk directly from the udder was 757 bacteria per cubic centi- 
meter; the difference of 3,767 therefore represents the number intro- 
duced through external contamination. During the same period 
when the udder and teats of the cows were washed, the average of 
the 65 samples was 2,154 bacteria per cubic centimeter, and as the 
average udder count was 739, the difference, 1,415 bacteria, repre- 
sented those added through external contamination. — 

Washing the udder and teats of the cows not only caused a decrease 
in the bacterial content of the milk but also more nearly uniform 
counts. 

A study of the bacterial groups in the low-count milk showed that 
they correspond closely to those in the milk drawn directly from the 
udder. 

4. A practical demonstration of the value of the three essential 
factors was made on six farms. The results indicate that it is pos- 
sible for the average farmer with inexpensive equipment to produce 
milk of low bacterial content with little extra work. 

5. The results indicate that in general the greatest contamination 
of milk comes from the use of unsterilized utensils. The simple steam 


a 
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sterilizer described in Farmers’ Bulletin 7481 was used very success- 
fully for the sterilization of utensils on the farms. 

6. Small-top pails were found to lessen the quantity of manure 
which may gain entrance into milk and to assist in lowering the 
bacterial count. | 
7. The sediment test was found to bear a somewhat close relation to 
the number of bacteria in fresh, unstrained milk handled in sterilized 
utensils. ) : 

8. From an examination of a large number of samples of fresh milk 


produced under varying conditions in an experimental barn and of 


samples from a number of farms, it is believed that as a general rule 
the bacterial content is relatively low. It would seem that when the 
count is in the millions it is the result of bacterial growth in the milk 


while being held. 


9. To show the growth of bacteria in milk held at various tempera- 
tures for varying periods, a large number of samples were held at 
PAHO eel decand 21:1° C. (40°, 50°, 60°, and 70° F.).. It is abso- 
lutely necessary, if milk is held on the farm, to keep it near 10° C. 
(50° F.) or lower, in order to restrain bacterial growth, if the dairy- 
man wishes to market milk of low bacterial content. 


CONCLUSIONS. 


The results of the experiments indicate that it is possible for the 
average dairyman on the average farm, without expensive barns and 
equipment, to produce milk (practically free from visible dirt) 
which when fresh has a low bacterial count. By the use of the three 
simple factors, namely, sterilized utensils, clean cows with clean ud- 
ders and teats, and the small-top pail, it should be possible on the 
average farm to produce milk which corresponds closely to milk as 
it leaves the udder of the cow. A fourth factor of holding milk at 
as near 10° C. (50° F.) as possible is also absolutely necessary. 

- To emphasize the value of the three simple factors, figure 23 shows 
the average bacterial counts of milk produced under the various con- 


ditions described in this bulletin. The results will not be discussed 


in detail, but in a general way the figure gives a picture of the 
results of the experiments in the order in which they were conducted. 
The experiments were begun with dirty conditions and unsterilized 
utensils, and milk of high bacterial count was obtained. Next the 
factor of sterilized utensils was introduced, followed by the addi- 
tional factor of clean udder and teats. A combination of the factors 
and the use of a small-top pail permitted the production of a low- 
count ‘milk, which closely corresponded to that drawn directly from 
the udder. In order to check the value of the essential factors, they 
were again eliminated until a high-count milk was produced, then 
reintrocuced until a low-count milk was again obtained. | 


1Farmer:’ Bulletin 748 will be sent free to any one on application to the department. 
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been studied, nor has the influence of general conditions of cleanliness 
surrounding the production of milk been given consideration. 
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